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vi VREPACK. 


and on applied Chemistry, Fitting and appropriate as 
such discursive matter was, no doubt, to the objects” 
of the Rudimentary Treatise of the period, I have 
thought it advisable, in the preparation of the present 
edition, to eliminate them and some other chapters of 
digressive matter—as well as to omit for the most part 
such portions of the text as had been rendered obsolete 
by the advanced practice of construction, or by the 
effacement of the subjects themselves. 

‘Taking advantage of the very considerable excisions 
recommended by the lapse of time and the change of 
conditions, I have supplemented the original text by 
types of modern practice, selected for the sake of 
the instruction to be derived from the study of such 
works, as well as for the purpose of exhibiting the 
best practice of more recent times. I need but refer 
to the entirely new Chapters on the following sul- 
jects, with others:—On the Methods of Forming 
Foundations, on Pavements, on Railways, Tramways, 
Bridges, Tunnels, Sea Defences, Embankments, Break- 
waters, Piers, Quay-Walls and Dock-Walls, Docks, 
Waterworks, Drainage of Towns—ns indications of the } 
extensive revision which the combined works of Mr. 
Law and Mr. Burnell have undergone, and of the 
entirely new matter which has been introduced. These 
subjects strikingly illustrate the definition of the pro- 
fossion of the Civil Engineer, written many years ago 
by Mr. Tredgold, and adopted by the Institution of 
Civil Engineers in their charter—“ the art of directing 
the great sources of power in nature for the use and 
convenience of man,” 

And here it is my duty to acknowledge the nid 
which I have derived from the Minutes of Proceod- 
ings of the Institution of Civil Engineers, in the 
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ablo to sustain such strains without injury. And tho Art of 
Civil Engineering consists in the application of these princi- 
plos to tho actual construction of various works, and their 
indicious uso and modification to moet the several contin- 
goncies which ariso in practice, 

The duty of the Civil Engineer, embracing, as it does, 
almost every kind of construction, requires a very extensive 
and general acquaintance with most other sciences, in order 
to qualify him for successfully accomplishing the various 
works upon which he may be engaged, and of overcoming 
those difficulties which frequently start up unoxpoctedly in 
tho progress of a work, and, but for the knowledgo, talent, 
and porseverance of the Enginoor, throaten the ultimate 
succoas of his endeavours. It is only necessary to take a 
glance at the list of works upon the construction of whieh 
tho Engineer is engagod—Railways, Roads, Canals, Rivers, 
Harbours, Docks, Breakwaters, Bridgos, Tunnels, and many 
others—to obtain at once an idea of the extent of the sub- 
jects which his knowledge onght to comprise; and further, 
of the immense importance of his professional labours to hiv 
fellow men. 

The following classified arrangement of tho several 
branches of Civil Engineoring, with their subdivisions, will 
not only serve to show the extent of this science, but will 
guide the Engineering student in pursuing a systematic 
achome in the attainment of his professional knowledyy 
tho importance of which, both in facilitating its noqalsition 
and in impressing it upon the memory, are too well known 
and too generally admitted to require any enforcement. 
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4. Marentacs xvrcoygn 1x Coxsrmuertox:—(1.) Motale—(2.) Tim- 
bor.—(3.) Natural stones.—(1,) Artifical stonos, including bricks, 
concrete, and the various cements weed in masonry. —(6.) Male 
rials for earthwork, such os embankments, pulldlod banks, 
&c.—(6.) Materials for roads and pavoments.—(7.) Materials rl 
corering roofs 

ps oy Coxsrmeerion : —(1.) Brickwork. — (2.) 
try. 


‘Musonry.—(S.) Forming foundations. —(4,) Carpon 
6. Auxttans marioyan mx Coxwravertow:—(1.) Scaffolding, fixed 
and travelling. —(2.) Centerings —(3,) Cofferdams. 


IL—MECHANICS, OR CONSTRUCTION OF MACHINERY, 


1. Dexasice:—(1,) Vis viva, momentum, and work.—(2.) 
uniform, accelerated, or retarded ; gravitation.—(3.) Collision 
impact of moving bodice —(4.) Motion down inclined planes, and 
curves—(6.) Motion about fixed centres; centres of percussion, 
oscillation, and gyration. 

2, Movreo Forces ;—(1:) Water as a mochanical agent.—(2.) Air aan 
mechanical agent.—(3.) Animal strength a8 a mechanical agents 
(4.) Heat as a mechanical agont; tho steam engine. 

3. Reswrasezn To Mortoy :—(1.) Friction.—(2.) Resistance of the 
medium through which the body moves. 

4. Tuxony or Macuiwxs:—(1.) Elements of machinery—(2.) ‘Tooth 
of wheels, racks, and pinions—(3.) ‘Transmission of work by | 
machinery.—(4.) Determining tho modulus of a machite in 
motion. —(5.) Mechanical expedients for transmitting or cata | 
motion.—(6,) Proportioning the strength and dimensions of ma. | 
a a 

6. Macuixes xxrLorey ix Exoixeenixe mitra Machines employed 
for transporting, and raising matorials, such as crabs, cranes, 
dredging machines, &o.—(2.) Machines employed in’ actual em 
struction; much as pilo-driving ongines, excavating machines | 
pumps, diving-bells, pug and cement mills, &c—(3.) Machine 
for working upon materials; such as Inthes, boring, planing, more 
tising, riveting, and screw-cutting machines, mwa, &o,—(4.) Im. [ 
ploments and tools for excavating, boring, working in wool 
motals, stones, &c. 


. TY.—SPECIAL CONSTRUCTION. 


1. Coxmox Roans:—(1.) Principles which should control the pelos 
tion: of route.—(2.) Laying ont roads, and orrunyement of gm 
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marsh lands —(6.) Of wenping up, and reclaiming lands from the 
sea and rivers.—(6,) Drainage of towns—{7.) Form, dimensions, 
and declivity proper for sewora—(8,) Of the collection and diss 
posal of the sewage. 

3. Servrzx oy Waren ro Towxs:—(1.) Principles which should / 
guide tho choice of the means of supply.—{2.) Different sources of | 
supply: from the watershed of the country, from springs end — 
Artoslan wells, or from large rivers—(3.) Means of estimating the 
quantity required, and of ascertaining the probable supply, and 
the quality of the water.—(4.) Systems of supply; tho constant, or 
high preasure system, and tho interurittent,—(5.) Selection of sito 
for resorvoirs.—(6.) Construction of roservoirs.—{7.) Contrivances — 
for raising tho water to the level of the high reservoir. —(8,) Of 
tho means of filtering and purifying the water, and of the con- 
struction of the filter beds.—(9.) Of the motion of water in pipes, 
and their discharge. 

4. Manon Exorcenniso:—(1.) Action of waves and currents, their 
modification by the contour ef the shore, and the depth of water. 
(2.) Their action on the shoro, on beaches, on vertical, sloping, 
and curred walls, and generally on any obstacl—(3.) On the 
régime of consta, and their proservation.—(4.) Construction of sii 
walls, embankments, breakwaters, piers, and othor structures ¢x- - 
posed to tho action of the sea, moro particularly ax regards their 
form.—(5.) Principles which should determine the selection of 
tho site for a harbour, and tho arrangement of its form.—(6,) On 
tho causes which produce thoals and bars.—(7.) Means of keeping 
harbours free from such obstructions, or of removing them whery 
already existing —($.) On the improvement of harbours and ss 
channels. 

6. Inrnovmerxt or Rivens:—(1.) On the tidal wave at the mouth of ¢ 
rivers, and its modifiention in passing up tho river,—(2,) Principle 
of the conservation of tidal forox—{3.) On the antagonist 
ngencies of the tide and land waters in rivers; and the moans of 
determining which of these should be assisted; of the répime of 
sivora—(4.) On the form of the shore-line of rivers, and thelr 
improvement.—(5.) Of the junction of rivers.—(6.) On the veloe 
city of the stream, ita scouring and transporting power, compared 
with the natare of its bed.—(7.) Effects of projections, irregue 
Jarities, and obstructions, auch as dams and weirs—(8.) Of tha 
formation and removal ef shonls; their causes; of artificial » 
soouring and aluicing.—(9.) Of the shoals formed at the mouths of 
rivers, their cause and prevention. 








CHAPTER If. 
MATERIALS EMPLOYED IN CONSTRUCTION, 


‘Tux principal materials made uso of by tho civil enginoer 
for the purpose of construction may be classified as 
follows :— 

1, Metals. 


2. Timber. 


8. Natural stonos. 

4, Artificial stonos, including bricks, and tho different 
kinds of mortars and coments used in masonry. 

Boforo describing the principal properties of each of these 
classes of materials, it will bo desirable to consider briefly 
tho subject of their strength, and to oxplain tho civeum- 
stances which affect the same. 


Sraexorn or Marentans. 


The strength of materials to resist the action of any 
external force to which they may be exposed varios greatly 
with the manner in which that force is appliod ; and thoro- 
foro it is necossary, in considering this subject, to divide 
the strongth of materials as follows: first, their power to 
rosist extension, or the foree roqnirod to pull them asunder; 
secondly, their powor to rest compression, or tho force 
requisite to crush them; thirdly, their transverse strength, 
or the force required to bronk a bar or beam resting at each 
end upon supports, or which is fixed at one end and 
loaded at the other end; and fourthly, their elasticity, or 

qe required to bend a bar or beam, 
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for the weight which being applied in the contro of the beim 
would break it, 

When the weight, instead of being suspended seal 
centre of the beam, is distributed or spread oqunlly ovér it 
from « to », it will support just double the lond; that is, 
twice the weight will be required to break it whon tha die 
tributed which would be required if susponded from the 
contre, 

Hi tho bonm, instead of being supported at each end, 
is only fixed at one end a, Fig. 2, and bas the weight 
” suspended from the other ond n, it will only 

bear one-fourth of the weight which it 

at would do if supported at each ond and 

OW Jonded in tho middle, In this case, also, 

Pie a. if tho weight bo distributed oqually, the 

beam will support twice as much as if it were suspended 
from the end. 

In all the cases which we bave considered above, the 
form of the cross section of the beam has been supposed to 

bo rectangular, as in o, Fig, 8. This form 
Fee of section, however, is not tho strongest 
Which could be chosen; for, by altering it, 
tho same quantity of material may be made 
to sustain noarly three times the weight. 

A form recommended by Professor Hodgkinson, and 
whieh has beon very goncrally adopted in practice, is shown 
in Fig. 8. The weight in pounds which would be required 
to be applied in the centra to break a beam of this form, 
supported at each end, will be found by multiplying 4852 
by the area in square inches of the lower flange or web 4 B, 
nud by the depth © p in inches, and dividing tho produet by 
the distance betwecn the supports in feet. 


[Since Mr. Hodgkinaon's role was promulgated, it has been 
perceived that though the experimental basis of the deduckiows, 
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form, and tho distanco that the middle point c of the beam 
is drawn down below its former position, is called tho 
deflection of the beam. The amount of the deflection iy 
directly proportional to the weight applied, multiplied by 
tho cube of the length a n, and is inversely proportional to the 
breadth of the beam multiplied by the enbo of its dopth; it 
may be determined, for any particular ease, by multiplying 
the cube of the length in feet by the weight in pounds applied 
in tho centre, and dividing the product by the number found 
against tho material of the beam in’ column p of the follow- 
ing tables; multiplied by the breadth and the cube of the 
dopth, both in inches, the quotient will bo the deflection, 
algo in inches. Thus, suppoze a beam of English oak 10 
foot in length, 9 inches in depth, 6 inches in breadth, and 
loaded with 6,000 pounds in the centre, what will be the 
deflection ? In this case, 1,000 multipliod by 5,000 equals 
5,000,000, and 8,369 multiplied by 6 and 720 oquals 
14,786,006; then 5,000,000 divided by 14,786,006 ognala 
"84 inch, the deflection required, 


Gusrnan Tnornurme or Merars. 
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Of different kinds of timber, oak, chestaut (when exposed 
to a froo circulation of air), cedar, larch, and mahogany 
(when kept dry) are amongst the most durable. Beech, 
aldor, and elm are very durable when constently immersed 
fn water or wet ground, and aro therefore well adapted for 
the piles, &c., for foundations. Whon exposed, however, to 

Yeather, or in vituations where thoy are alternately wet 
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process the timber is enclosed in a close iron vessel, in whick 
a vacnum is formed by the condensation of steam, assisted 
by air pumps; a solation of sulphate of iron is then admitted 
into the vessel, which instantly insinuates itself into all tho 
pores of the wood, previously froed from air by the vacuum, 
and, aftor about a minuto’s oxposuro, imprognates its entire 
substance; the sulphate of iron is then withdrawn, and 
anothor solution, of muriate of lime, thrown in, which enters 
tho substance of the wood in the same manner as the former 
solution, and the two salts react upon each other, and form 
two new combinations within the substance of the wood— 
muriate of iron and sulphate of lime. Ono of the most 
valuable properties of timber thus proparod is its porfest 
incombustibility : whon exposed to the action of flamo or 
strong boat, it simply smouldors and emits no famo. 


[Genorally sponking, if tho solutions of mineral salts be 
usod of sufficient strength, and the process be continued long 
enongh to coagulate all the albumen, decay will be retarded 
for a very long period, but still the fibre of the timber is left 
unprotected. Now, unless the fibre is also acted upon, the 
process of preparation must be incomplete. Impressed by 
such considerations Mr. Bothell sought for some antiseptic, 
which, being injected into the pores or capillary tabes of 
tho timber, should bring it into a condition similar to that of 
the mummies and mummy casos in Egypt, which were pro- 
pared by saturating them with the petroleum or mineral piteh 
found floating on the Dead Soa. It bas beon proved by 
oxporiment that oil of tar, or creosote, is the most powerful 
eongulator of the albumen, whilst it, at tho same time, 
farnishos a waterproof covoring for tho fibre, and by its 
nntiseplic properties prevents putrefaction, Mr. Bethell 
found that by forcing at least 7 lbs. of creosote oil into each 
eubic foot of timber the production was perfeet, 

usual to specify for the injection of 8 lbs. of creasate 
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firnt is that which ought to be considered, practically, as the 
crushing weight. Tho seventh column gives the weight of 
the stone detached by Brard’s process, and may be looked 
npon as expressing the relative power of the weather and 
atmosphere upon the stone. 


Gesenat Prorenries or Antinictan Stoxes axn Cuwexts. 


Bricks may bo rogarded ns artificial stones, formod by 
moulling prepared clay into the required form and then 
burning the same in a kiln. Tho quality of bricks varies 
greatly according to the nature of the earth from which they 
aro made, the care taken in their manufacture, and being 
moro or less perfectly burnt. The weight required to crush 
# square inch of brick varies from 1,200 Ibs. to 4,600 Ibs,, but 
about half the crushing weight will produce fracture in the 
brick. ‘Tho weight of a cubic foot of brickwork, sot in 
mortar, is about 117 Ibs,, and in cement about 126 Ibs. The 
tensile strongth of bricks is somewhere about 275 Ibs. for 
avery square inch, but in construction they are seldom, if 
over, oxposed to a tensile strain. Groat caro should be 
taken in the choice and selection of bricks for stractures 
exposed to the weather or to tho action of water; in such 
situations, only the hardost-burnt and bost-made bricks 
should be employed. 

All kinds of mortars and cements consist of lime (a metallic 
oxide) combined with other substances, such as sand, gravel, 
clay, &c., the quality of the mortar depending upon the pro- 
portions of these ingrodients, as also upon the skill with 
which it has been prepared. Lime is obtained by submitting 
Timestone, which is a carbonate of limo, to a high tempera 
taro, by which the carbonic acid is driven off, and the limo 
Joft in a pure state, or only united with certain proportions 
of other earths and oxides. This procoss ix termed caleina- 
diem ond requires to be conducted with care, to ensure the 
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mersed in water, they set, or become solid, in a few days, 
and, at the end of a year or less, attain such a degree of 
hardness as to splinter under a blow, and aro then perfoctly 
insolublo in water. Between these two thore aro a great 
variety of limos possossing intermediate properties. The 
hydraulic properties of tho latter kind appear to bo owing 
to the presence of a certain proportion of clay, and it has 
been found that, by mixing clay with the richer limes and 
burning thom together, an artificial hydraulic lime or cement 
may bo produced possessing the same propertics; and somo 
of these attempts have becn attended with considerable 
succoss, 

Mortar is prepared by kneading the limo into a paste 
with water, and adding certain quantities of sand, vory fine 
gtavel, or puzzuolann,® determined by the quality of the 
lime, and the purposes to which tho mortar is to be ap- 
plied, 

Roman coment is a species of hydraulic lime, prepared 
by calcining stones or bouldera of septeria, picked up on 
the soa-const, principally in the neighbourhood of Harwich, 
and tho Isle of Shoppy. The stones, when calcined, instend 
of being slacked, are ground in a mill to a vory fine powder, 
This cemont possesses the invaluable property of setting 
undor water in a few minutes. It is frequently used quite 
puro, or without the admixture of any sand, in situations 
where rapid setting is a matter of importance, 

Concrete is composed of lime or of coment, mixed with 
from four to seven or eight times ita bulk of sand, gravel, 
broken stone, &c., the proportions depending upon the purpose 
for which it is used. Itshould be thrown from a considerable 
hoight, by which its solidity is greatly increased, 

The chemical action of salt water upon materials immersed 
snd the peculiar ravages to which some of these are 
@eolana isa pulverulent volcanic earth, found at Paxsuoli, nour 
ind is principally composed of silica and alumina, 
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danger to which wood is exposed in our seas is, howover, 
that caused by tho rayagos of a species of worm called the 
Teredo wavalis, It is said that this worm is a nativo of 
India, and that it was introduced to Holland some 200 yerrs 
since, from whence it bas spread through tho ports of 
Northern Europe. As the fossil wood of the Isle of Shoppey 
is frequently bored by these worms, whose casts are pre- 
served in tho fossil state equally with tho wood itself, it may 
fairly bo questioned whether the above story can account 
for the oxistenes of these pests. Bo this as it may, it ix not 
the less the caso that the teredo bores into the heart of tho 
wood, and destroys the strongest carpentry with frightful 
rapidity. Thus at Dunkirk wooden jetties aro so speedily 
eaten away that they require renewal every twelve or 
fifteen years; at Havre a stockade was entirely dostroyed 
in six months; at Lorient wood only Insts about three years 
in tho soa-water; and at Aix the hull of » stranded vessel 
was found to have lost balf its woight in six imonths from 
the ravages of these animals. On our own coasts the same 
destruction is caused by this apparently insignificant enemy ; 
at Southampton, Ryde, Brighton, Dover, &c., the teredo | 
has destroyed jetties with equal rapidity to that observed on 
the French coast, as above cited. 

When the teredo enters a piece of wood it is 80 small aa | 
not to leave any perceptible trace of the passage by whieh it 
entered; subsequently it increases until the bore of the 
passage it occupies is equal in volumo to the little finger. Tt | 
only attacks the interior of tho wood it enters, and often- 
times the latter will break off boforo any external indication 
is givon of the presence of the worm. In piles or other | 
works in tho sea, the zone most affected is that immediately | 
below the main level of the sea; occasionally the teredos 
extend their ravages below tho line of low water of tho | 
aquinoctial tides, but they rarely mount higher than the 

40 of high tide nt nonps, Tt is believed that they cannot | 








CHAPTER Il. 
DIFFERENT KINDS OF CONSTRUCTION, 


Buckwonk. 


Tiere are two different methods of building brickwork, 
doponding upon the relative position in which the bricks are 
placed. When a brick is laid with its end appearing 
upon the face of the wall, as a, Fig. 4, it is then called a 
header, and when with its side as n, it is then called a 
stretcher, Each horizontal layer or stratum of bricks in a 
wall is termed a course, and it should be so built that the 
vertical joints between the bricks of one course are not in 
the same line with those of the course above or below it; 
‘thus in the figure the joint c has no joint above or below it, 
but solid bricks ; when the bricks aro so arranged, they are 
said to lrvak joint or bond with each other, There are two 
different methods of bonding walls in very genoral use, 
namely, old English bond, which consists in laying a course 
of honders and then a course of stretchors, as in Fig. 4; 
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Flemish bond has the neatest appearance upon the face of 
tho wall, but is much inforior to the old English bond in 
strength, and also requires much more cutting of the bricks. 

Where it is requisite that the wall should be of consider- 
sble strength, the bond of the bricks only is not always 
sufficient ; on such occasions it was customary to build a 
piece of timber into the wall, as shown at », in Fig. 4, 
which ran through its whole longth. ‘This mothod, however, 
of bonding walls is very uncertain, because the strength of 
the wall depends upon the timber continuing in a sound 
state; and should it rot, as in such a situation it is very 
likely to do, we have perhaps no means of ascertaining the 
fact, and are only mado aware of it by the failure of the wall. 
‘This method of bonding is in consequence almost entirely 
saporseded by the hoop-iron bond, first introduced by Sir 
Tsambart Brunel, and which consists in laying hoop iron 
fiatwise between the courses, as shown at a in Fig. 5. 
‘The iron should be slightly rusted, which greatly increases 
its ndbesion to the cement or mortar. 

Aasonny, 

Tn the construction of masonry, the same procautions are 
adopted as in brickwork, so to dispose the vertical joints 
hat the wall tay haves sufficient bond; and this may bo 
‘eanily effected, sineo the size of the stones is not fixed, In 
the neighbourbood of the quarries, where rough stono ie 
plontiful, it is frequently employed in 
its rough state, without being faced or 
reduced to squaro dimensions, and is 
then termed rwbile masonry, Figure 
et 
bnt having the coping (A n), the Bee oe 
plinth (cp), the quoin (x p), and the piers (ac), constructed 
of cut stone, which gives solidity to the wall and adds to its 
arprerenee. 
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‘When a wall of masonry is of any thickness, it is froquently 
casod with ent stono on both sides, the middle being filled 
in with rubble; in such cases, heading or bond stones, 4 A, 
Figs. 7 and 8, should be carried entiroly through the thick- 


Big. 7-~Cased Rubble Wall, 


noas of the wall at certain intervals, to proveut tho sides being 

forced apart by the settlement of the rubble between thom, 
In cases where it is necessary that the stones should not 
slip upon ench other, and also to provent the joints from 
soparating, it is usual to insert between 


| =f & thom pieces of iron or copper of a 


vy, dovetail form, as shown at a, Fig. 9, 
L\S which are termed crampe or dowela; 
those are inserted half in onch stone; 
and the two having boon placed, lead is 
run into tho space round the dowel, which fixos it firmly to 
tho stone, . Dowels are sometimes made of slate or other hard 
stono, and are then run with coment. 


Tig 


Canpextnr. 


The most important branch of carpentry to tho civil 
énginsor is that which relates to the methods of joining or 
connecting timbors together ; and we shall briefly deseribe 
thoxo most usually employed. 

Figs. 10 represent two different mothods of joining two 

pioces of timber in tho diroction of their \eongth+ suds & 
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right anglo or cornor, they may cithor bo Auleed together as 
shown at c, or dovetailed as nt pv; tho former is the best, 
as being loss affected by shrinkage of the wood. 

Whon one timber abutting against another makes an 
acute anglo with it, as in tho case of the principals of a roof, 
tho joint may be formed as shown at a, Figs, 18; where, 


FAS 
Sa 


‘Wigs. 18. 
howover, there is a considerable strain upon the joint, it is 
better to make it as shown at 2, in which the bearing is moro 
equal, and is not affected by any scttlemont of tho framing. 


[All timber may be classod under two heads,"namoly, hard- 
wood and soft-wood. These two classes of timber require 
vory different kinds of treatment, Hard-wood, as its name 
implies, is hard, and it is gonorally brittle, A hard-wood 
beam may be loaded with scarcely any deflection almost to 
tho broaking point, and it will often break when overloaded 
without giving any provions notice of fracture. A soft-wood 
beam, on tho contrary, will deflect so much as to render it 
useless before tho breaking point is reached, and it pos- 
Sesses more elasticity and is much lighter than a hard- 
wood beam, 

Henee, whilst hard-wood is best suited for piles, uprights, 
and eapsills supported at short intervals ; soft-wood is better 
for the chords of timbor bridges and for trussed beams to 
which a camber is given. 

Tn hard-wood a considerable degree of dependence may 

upon the strength of the tenons, but in solomon 
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an angle-band, whon the timber shrinks—and it ix sure to 
do so in time—tho pressure is transferred from the ends of 
the timber to tho bolts which fasten the bands. Tho 


—_——= 


structure becomes rickotty, and tho stent is gonorally split 
by tho cross-strain on tho bolts, Cases of this kind aro 
most roadily treated by running a dowel through both 
timbers, or by making a vertical saw-eut in onch and irsort- 
ing a strip of boiler-plate. 


Strats, Figs. 10, should not bo notchod at their lower ends 
into the bearing piles ; they should 
rost or cleats placed with the grain 
of the timber upright, go that the 
strats will not be allowed to drop 
by any shrinkago of the clonts, ax 
inight happen if the strats rested on 
awaling. Astrut may be kept in 
its place by a dowel driven through 
its lower end, or, still better, by an 
upright strip of boiler-plato let balf 
into the cleat and half into the strat. 

In a timber bridge, having con 
tinuous floor beams, it is preferable, 

Figs 10. instead of lapping or scarfing them 

over the capsills, to cnt thom of greater length than the spans 

nui to Iny the ends side by side, as in Fig. 20, and to bolt or 

dowel them togetbor. This makes a much stronger combi- 

ae than gcarfing, It confers a groat dogrec of stiffness, 

patio os tho chance of decay by rain-water gotting into 
4g the sonrfs, 
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road, 50 that carriage wheels may not fall in betwoon tho 
pieces, as may happen when the roofis constructed of timber 
Inid transversely to the axis of tho culvert. 

Sawn-timbor culverts should be made in longths, the top, 


Fig. 2.—Timber Culvert. 


sides, and bottom being framed 
separately, and put together as 
in Fig. 22. 

Crib-work should be con- 
structed of logs as nearly ag 
possible of the same diametor, 
say from 8 to 14 inches, and in 
longths to be conveniently han- 
dlod, The lower side of onch 
log is left round, the top is 


notched to receive the log above it, and all the intersections 
aro securely trenailed. Crib-work execnted in this manner, 
and filled with broken stones, is an oxcellent substitute for 
masonry in building broast-walls, crossing gullies, forming 
embankments or piers in running water, and for like 


purposes.] 
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represent their resultant acting in the direction s 1. Now, 

lot x 0, Fig. 28, bo n joint in the masonry of tho wall; then 

(neglecting the adhesion of the cement) if the 

a") 4 anglo x xy, whieh tho resultant makes with 

Pa © the porpendicular, bo greater than tho limiting 

yi angle of resistance, the upper portion of the 

wall 4x x o will slide upon the lower portion 

noon; and if the adhesion of the coment 

Fig. 4. (being now taken into account) is sufficient to 

prevent the wall separating at s o, then will the whole wall 

an cp slide bodily upon the ground in contact with its base 

cp; if, however, the angle which the resultant # a makes 

with tho porpondicular to tho joints is loss than the limiting 

angle of rosistance, tho wall cannot yield by tho sliding of 

its parts upon each other; and the stability of the wall or 

abutment will be greatest in this respect whon tho diree- 

tion of the resultant a x is perpendicular to all the joints 
and also to its base c p. 

If the resultant m 1, instead of falling within the base of 

the wall, cut the side ac, as in Fig. 24, then will the wall 

separate at the nearost joint x o, and the 

upper portion will bo overthrown, tarn- 

ing upon its edge at x; should, however, 

the adhesion of the coment be sniflicient to 

prevent the soparation of any of the joints, 

then will the whole wall, anc p,be thrown 

over bodily, turning on its lower edge & 

Tho wall, however, cannot be overthrown, so long as the re- 

sultant keops within its substance, and cuts the base 6p; 

and its stability in this respoct will bo tho grontest when 

the resultant passes through the centre of its base op, 

Tf, however, both the foregoing conditions be fulfilled, that 

is, if the resultant pass through the centre of the base, and 

its direction bo perpendicular to tho same, tho wall or abnt- 

it may still give way by the ornshing of is material, or 
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thia plane, the angle which x1 makes with a porpondiclar 
4o the surface of the plane »o must be oqual to the limiting 
anglo of resistance. Now, the weight of tho maas of earth 
1G» is equal to np, multiplied by half no, and by the weight 
of a cubic foot; therefore, the more Gp is inelinod, the longer 
1G will bo, and the greater will bo the weight of the carth 
which tho wall has to support, and the length of the line or 
which reprosents it; but the more »o becomes inclined the 
noaror will x1 approach to the vertical 1, and therefore the 
less will be the line » 1 representing the pressure of the earth 
against the wall. It must, therefore, follow that there is # 
certain inclination for the plane p 6, which oceasions tho 
prossure on the back of the wall to be greater than any otbor, 
and this is found to bo when the angle np is half that 
which tho satural slope of the earth p x makes with the ver- 
tical, the angle xp F being the limiting angle of resistance.* 
Now, in this case, it may be shown that the triangle x o1 is 
similar to o np; and therefore, if np represont the weight of 
the mass aap, no will represent its prossuro against the 
wall, that is, tho weight of the earth is to its prossure against 
the wall as the height of the wall is tora; and since the 
weight of tho earth equals the height of the wall, multiplied 
by half no, and by the weight of a cubic foot of the earth, 
it follows that the pressure of the carth against the wall fa 
equal to half the square of a, multiplied by the weéght of a 
cubie foot of the earth, With the samo carth, so always 
boars the same proportion to the height of the wall, which 
proportion for the different kinds of carth is given in the 
fourth column of the subjoined table, the height of the wall 
being taken as unity, and tho fifth column contains half the 
square of this fraction, multipliod by the woight of a cable 
foot of the carth. In order, then, to detormine the pressure 
produced ngainst a wall by difforont kinds of soil, we have 
only to multiply the square of the height of the wall in feet by 
# Movsloy's * Mechanical Principlog of Engincoring,” p45, 








42 THY. RUDIMENTS OF CIVIL ENGINEERING, 


canso, and allow the wall to move Jong before the amount 
of rosistance which this calealation would show the ground 
to be capable of producing had boon oxerted. 

Tn tho enso of walls supporting water, such as dock walla 
and quay walls, the resultant of tho pressure of the water 
against the whole surface of the wall is a pressure noting 
horizontally at a point two-thirds of tho depth of the water 
bolow its surfaco, and equal in amount to the squaro of the 
whole depth of the water in foot, multipliod by 81:25, the 
product being the pressure in pounds. Tho same rule will 
dotermine the pressure of water agninst lock gates, or any 
other vertical surfuco, Tho pressure of water increases with 
its depth, and is equal at any point to the depth in fost 
multiplied by 62} Ibs. (the weight of a cubic foot); there- 
fore, to determine the pressure on any surface entirely im- 
morgod in water, whatever may be its position, whether | 
vortical, horizontal, or inclined, we have only to multiply the 
aren of the surface in square feot by the depth in feet of ite 
contre of gravity below tho surface of the water, and by 62). 

In the case of walls sustaining water, the active resistance 
and the passive pressure aro precisoly equal, 
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Fig. 26 in a soction of the wall of the old docks at Hull, 

supported upon threo rows of piles driven three fect apart; 
each pile is eight inchos square, and ten feet in length. | 

Another mothod is to throw the base of the structure over 

a largo superficial aren, which is sometimes done by spread: 

cou, ing large masses of concrete over the gronnil, and 

spreading out the wall with footings, or by laying 

Targe flat stones over the ground as a foundation 

course upon which to commence building. When 

the soft ground is only superficial, and becomes 

firm at a greater depth, it is usual to excavate the 

loose strata, and fill up to the level of the bottom 

of the intonded masonry with concrete, Whena 

structure is supported upon piers or detached pil- 

lara, the basos of which do not cover a sufficient 


ral}'y22.,. 8a to support them without dangor of settlement, 

dation. the weight which they carry may be spread over 
a much larger surface by turning inverted arches botwoon 
thom, as shown in Fig. 27. 


It sometimos happons that although the ground genorally 
may be firm, in one or two spots it may bo loose or soft, 
and not capablo of sustaining the requisite load; in such 
eases an arch may be turned over the soft place, if not too 
extensive ; in casos, however, whero it bas been too wide to 
bo spanned by an arch, wells of brickwork have booi 
resorted to, which havo been sunk down to tho firm ground, 
and thon tho structaro built upon them. ‘This plan war 
rosortod to by Sir Christophor Wren in building the chanedl 
of St, Paul's Cathedral, under one corner of which a large 
pit, or pot-ole, of loose ground was found, 








46 THE RUDIMENTS OF CIVIL ENGINEERING, 


bo not properly met, In building a bridgo, for instance, 
Fig. 29, on inclined strata of such a nature, over a raving, 
whilst the foundations on the one side would be perf 
secure, thoso on tho opposite side would always be liable 
disturbance, / 


Fig. 29.—Foundations on Inctined Btrota. 


A aniformly weak soil affords a better foundation than a 
soil of greater strength but of unequal density, since on the 
formor the settlement is uniform, on the lator unequal. ho | 
Campanile, or leaning towor, of Pisa, is an instaneo ofa | 
structure ona base of unequal resistance. It is a cireular 
tower, 178 feet high, weighing 11,800 tons, on a base of | 
60 feet in diametor, equivalent to a pressure of 4 tons per 
aquaro foot. The soil is of unoqual density, becoming 
weaker as the River Arno is approached, In this direction 
the tower leans, having settled unequally, and beon thrown | 
out of its originally vertical position, ‘That the settlement 
took place during the progress of the work may be inferred | 
from the presence of the bars of iron introduced in the first | 
and second order to hold the mass together, and the differ. } 
enco of the height of the columns of tho fifth ordor, Almost | 
all the towers of Pisa, as well as the observatory erected in | 
1756, incline towards the river. | 
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Yorkshiro flags, Upon this tho brickwork was commenced, 
four courses in cement, 19 foot square. Tho footings were 
decreased by half-brick offeota, until the work was carried 
up to within 6 inchos of the surface, where it was reduced 
to 9 fect Sinchos square. The chimney shaft, 90 feet high, 
was here commenced, and the settlement was about 3 inch 
per day, until a height of 20 fect was reached, It was then 
increased, when the settlement averaged 1 inch por day for 
five days; and lastly it was decreasod, until tho last 16 foot 
was added, whon thore was no settlement at all, ‘The total 
settlement amounted to 164 inches, the work remaining por- 
foctly upright and without the slightest crack. Tho total 
weight of the work, including the filling-in, amounted to 
492 tons, on a base of 484 square feot, being at the rate of 
1/02 tons per square foot, 

The obvious tendency of sand saturated with water to _ 
oscape laterally, under the pressure of a heavy lond, is coun- 
toractod by shoot-piling driven woll down around the founda- 
tion below the base, The towor of the Hamburg waterworks, 
oxoctod by Mr. W. Lindley, supplies an instance of this 
kind. Tho tower rises about 290 fect above the surface of | 
tho ground, built of brickwork reposing on a circular mass _ 
of concrete 11 fect thick and 66 feet in diameter, founded om 
qnicksand onelosed in sheot-piling driven below the line of 
saturation of the river Elbe, The gross weight supported 
amounts to 6,810 tons, being at the rato of fully 2 tons per 
square foot of base, on the quicksand. 

Platforms of timber, or faseines, may be employed upon 
weak soils to increase the bearing surface or area of resin 
ance, provided they be constantly wet and subject to uniform 
pressure. 

Pines axp Proe-parvina, 


Soft bottoms may be consolidated by driving piles inte } 
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‘This table agrees well with the results of experiments by 
Mr. Kirkaldy on balks of Riga and Dantzio timber, about 
18 inches square, having a length of 20 feet:— 


Per square foot By My. Ston 
Toul, “otsotion, recurve 


Riga. W8tons, or 126 toms =... 116 toms, 
Dante . 138 4 py HO, = sy 


Means. 119 5, 6 


Anothor method of treating soft bottoms is to exeavate 
holes to the depth of the soft ground and refill them with 
sand, gravel, concrete, or other incomprossiblo material, 
This aystem is but little employed in England, but it is much 
nsod on the Continent, the method usually followed being to 
drive down a pile through the soft material, then to with- 
draw it and fill the hole with sand, 

In driving pilos for « foundation, there aro three special 
eases :—1. That of a pile drivon through a soft stratum to 
rest on a hard bottom, 2. That of piles driven into ground 
more or less capable of compression, for the purpose of 
obtaining support from lateral pressure. 8, That of piles 
driven into moderately firm ground for the purpose of keep- 
ing them fixed in an upright position, like pins in a pin- 
enahion, 

Tn the first case the dopth of tho bouring stratum must be 
ascertained, and tho piles must bo of sufficient length. The 
work dove is squeezing rathor than hammering until the 
bearing stratum is reachod, when the driving must be con- 
acted with great care to avoid splitting the piles. In tho 
second ease, trial piles must be driven to ascertain tho depth 
to which they will go. In the third case, in which a great 
portion of the pile generally remains above the level of the | 
ground, it ix necessary either to uso a high engine for driving, | 
or to erect a staging at tho level to which tho heads of the | 
ilos are to bo ent off when fully driven, | 

At is always well to drive with a heavy ram ond a low) 
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fall, rather than with a light ram and a high fall, Mr. Dob- 
son® gives the following scale for the weights of rams :—~ 
For piles i inches in diameter, use a a cwt. num, 
Stites Eaeeghenaae anes 
When a considerable number of piles are to be driven, it is 
fess expensive to use steam power than hand labour, 


Hyoravic Fouxpatioxs, 

Hydraulic foundations aro such as aro laid in rivers, and 
where clso water in motion is to be doalt with. Foundations 
are laid on natural surfaces when thoy consist of rock, or on 
beds of gravel, sand, or stiff clay secured against scour by 
aprons, shooting, rubble-stones, or other means of protec- 

© tion. Whon tho foundations are to be laid or pumped dry, 
the ground is enclosed by dams where the depth of water, 

ifthe water be still, is less than 10 feet, or under 3 or 4 
= feet in ronning water. A clay puddle embankment, or even 
tne of earth free from stones and roots, forms a suflicient 
dam. A trench is dug for its foundation, s0 as to removo 
, loose and porons material from the surface of the ground. 
The leakage of a dam and tho danger of breaches increase 
ftapidly fn proportion to tho head of water. A solid dam 
muy be mado of concrete, but it is expensive to construct 
and troublesome to remove. 

Correapaus. 
| In greater depths cofferdams aro constructed, taking up 
| Lees room and being less liable to be water-worn or broached 
than an earthwork dam. A cofferdam consists essentially 
of two parallel rows of main piles and sheet piles, enclosing 
Between them a vertical wall of clay puddle. The upper 
| ~wales of tho two rows of piles are tied together by cross 
© Piomner Engintering, 1877, page 150. 
b2 
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boams, which support a stage of planking for the workmen. 
‘The main piles in one row aro at distances of from 5 to 10 
foot apart. ‘Tho ground is excavated between the rows of 
sheet piles untila sufficiently firm bottom is reached, and 
the puddle is rammed down in layers. The width of a 
cofferdam is often as great as the head of water; but if the 
cofferdam is stratted inside, so that the clay merely acts as a 
watertight lining, the width need not exceed from 4 to 6 feet. 
Whon tho height exceeds from 12 to 15 feet or so, three or 
four parallel rows of sheet piling are driven, thus dividing 
the thickness of the dam into two, three, or more equal 
divisions, each of about 6 feet thick. In constructing a 
cofferdam the first step is to drive guide-piles at short inter- 
vals along tho lino of dam, and to bolt on to them horizontal 
timbers, or walings, to gnide the sheeting pilea in their 
doscent. The guide-piles are of whole timbers, the walings 
generally half-balks, The dam oreeted for the entrance to 
Bt. Katherine's Docks, London, is shown in Figs. $1 and 82. 

Tn coffordams enclosing a limited arca, as, for instance, 


tho site of the pier of a bridge, the required strutting to 


resist the prossure of water is placed within tho dam, across 
from sido to sido, the struts being removed as the work pro- 
coods. In constructing dams for a wharf wall, in front, the 
strutting is differontly appliod: a series of buttresses, or 
counterforts, are placed at short intervals, from which dams 
aro strutted, with raking horizontal struts, as exemplified ip 
the cofferdam used in the construction of the river wall of 
tho Houses of Parliament, Figs. 88 and 84, 

Tho cofferdam, Fig. 85, constructed for the works of the 
Great Grimsby Dock, in the river Humber, is an excellent 
example of a dam constructed to resist a grent head of water, | 
and to withstand storms of great violence, While thore was 
a rise of 25 feet of tide outside, there was insidé » depth 
of excavation 12 fect below low water, made for laying the 
foundation of the locks, Tho dock worka were commenenl 
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was nothing in its whole length of 1,600 feot from which it 
could derive support. In plan, the form of the dam consisted 
of two cireular ares of 150 feot and 800 fect radins respoo- 
tively, with a straight return on the wost side. The vorsed 
sine of the curved portion was 200 feet, or about 15th of the 


to 


tTHolty High Water 





32.—Dain, St. Katherine's Dock, 


span, The dam consisted of three rows of whole-timber } 
shoet-piling of Baltie yellow pine, from 19 inches to 16 inches | 
square; the outside row battered 4 inch to a foot. The 
hosting was all drivon between gange piles, placed 10 feet 
irt, and the power employed was that of two stationary 
tines of 30 horse-power, working twelve winding drums, 
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ground, all of thom having beon driven down sufficiently far 
toenter a bed of hard clay, The width between tho first 
and second rows of piling was 7 feet; and that between the 
second and the back rows was 6 fect. ‘The paddle clay oeen- 
pying these spaces was mixed, for the first 6 fect in boight, 
with one-fourth part of small broken chalkstone, and perfect 
consolidation was insured by tipping the puddle throughout 
from carth waggons on the top of the dam. The front and 


Fig. 35.—Cofferdam, Great Grimaby Dock, 


back rows of piling were secured by five tiers of whole-timber 
double walings; but in the contre row the three lowest tiers 
of waling are replaced by bands of wrought iron 6 inches 
wide by 1 inch thick, keyed togother in lengths of 12 feet, 
and forming a continuous tie on either side of the piling 
from the two extremitios of the dam, and exposing an unin. 
‘rrupted surface on both sides or faces of the shoet-piling, 
order that the puddle might af all times lic closely against 
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No. 6 dam yielded by from 1 inch to 4 inches nt high water, 
The yielding was due to the fact that the ground behind the 
back piles was not sufficiently compact to resist the 
enormous pressure of the tide. 

‘Tho quantities of material used in the construction of the 
dams were as follows:—In dams Nos, 1 and 2,117 cubic 
foot of timber, 202 Ibs. of iron, 9 cubic yards of puddle, per 
lineal foot of dam. In the Temple Pior dam, timber 162 
enbic fect, iron 285 Ibs., puddle 9 cubic yards, per lineal 
foot. For Nos, 4 and 6 the quantitios were nearly the same 
as for the Templo Picr dam. The cost of the dam was 
£18 11s. dd. por lineal foot, and of its removal, £1 dx, 
together £19 16s. dd.; nett cost, allowing for value of olf 
material, £17 4s. 10d. 

For the construction of other portions of the embankment, 
wrought-iron caissons were, at the suggestion of Sir Joseph 
Bazalgotto, used instead of the timber dams to effect 
& saving of cost by using the samo caissons two or three 
times in difforont parts of the dam. ‘The caissons wero 
constructed of wrought-iron plates, $ inch and } inch thick, 
in half oval rings bolted together in pieces, so as to 
forni elliptical sections 12} foet long by 7 feot wide, and 
44 foot deep. ‘The sections were bolted together vertically, 
and in all cases rested on cast-iron section as a base, with 
a lower cutting edge to penetrate the soil tho more easily, 
The caissuns were placed side by side between guide-piles, 
and wore made watertight at the points of contact with felt 
packing. Each ring weighed 80 ewts,,and cost £16 158, per 
fom. ‘The base of cast-iron weighed 82 cwts. ‘The onissong 
were sunk to a dopth of 4 fect into tho clay by excavating 
the ground within them, and wore woighted with cast-iron 
blocks of 9 cwls. cach. The ground was excavated in three 
modes: by manual Inbour, the water being kept down by 
4 chain and bucket pump; by manual labour and pneumatic 

wesuro against the water; and by a telescopic dredger 
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sunk by a man inside undermining it, and another length is 
placed on the top. As those operations aro generally con- 
ducted in the silty or sandy beds of rivers which bocome dry 
in summor, there is no ranning water to contend with; but 
water percolates into the oxcavation and then the natives 
uso a“ jham," by which they remove tho carth from under 
water, 

Tho uso of iron cylinders for foundations, it appears, was 
first resorted to by Mr, J. B. Redman, at Gravesend. Iron 
cylinders aro proferred, in cortain cases, to cylinders of 
brick, masonry, or concrete, on account of the ease with 
which they are lowered in deep water on the river bed, 
and afterwards built up solid with masonry.) 


AA 
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circumstance which frequently makes it desirable to leave 
the direct and take a somewhat cirenitons course, and this is 
the passing through or near to the intermediate towns lying 
betwoen the terminal ones, by which the country generally is 
better served, and an accession of trafic brought to the road 
or canal, 

The course of the best line depending on so many cirenm- 
stances, it will be easily understood that it requires much 
enro and consideration on the part of the enginoer for its 
selection. In order to obtain the requisite data, or the 
information upon which to form his judgment, ho usually 
proceods toa general oxamination of the district, in which, 
assisted by somo good map showing tho physical features of 
the surface, and accompanied by somo person conversant 
with the country, he ascertains the courses of the valleys 
and hills, makes general inquiries as to the nature of the 
strata, the position, population, and trade of the neighbour 
ing towns,and all other points which may affect his selection, 
He then sketches out one or more lines whieh appear to 
him to be most advantageous ; these he has carefully surveyed 
and levelled over, having also cross levels taken by which 
ho may be able to asecrtain whether any benefit may be ob- 
tained by deviating from the line at first laid down. 

Boing thus in possession of all the requisite information, 
ho finally determines the course of the line, whieh is then 
laid down upon the plan, and also marked on the ground by 
driving a wooden stake, about 18 inches in length, into the 
ground, upon the centre of the intended road or canal, at 
convenient distances, usually # chain (or 66 foot) apart, 
Vory careful levels are then taken over the lino thus marked 
out, every undulation in the surface of the ground being 
taken notico of; the width of every stream, river, canal, 
road, &c., is measured, as also the level of its surface and 
the exact angle (called the angle of skew) which its 
direction makes with that of the line; it is also necessary, 
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It should be borno in mind that the substratum is ronlly the 
working road which has to support the woight of tho passing 
traffic, and that tho office of tho covering is simply to 
protect the actual road beneath it from wear. 

Ronds may be divided into two kinds, those which have 
thoir surface protected by paving, whether of stone, wood, 
&c., and those whos surface is formed by a covering af 
broken stonos, or maendamised.* ‘Tho latter method derives 
its name from the gentleman, Mr. Macadam, by whom they 
wore first brought into notioo, 

In forming a macadamised road, if the ground is firm and 
dry, the only preparation roquired is to bring ite surface toa 
trao level; should it howover bo at all wet, or of » marshy 
character, the portion upon which the road is to be formod 
should bo first carefully and thoroughly drained, which may 
usually be most offectually done by cutting deep drains 
running parallel to the intended course of the road on oither 
side of it, and, if it is found necessary, forming cross draina 
botween them having a fall each way. The ground having 
boen thus drained, a covering of turf or of brashwood, the 
latter not less than 6 inches in thicknoss when compressed, 
should be laid over the surface of the soft ground, and upon 
this should be spread a covering of 8 or 4 inches of clean 
gravel, tho upper surface of which should be level. The 
foundation of the road should now be formed, by laying « 
kind of rough pavemont as shown in the section, Fig. 40, 
consisting of rough stonos of any kind of stone that ean be 
most readily procured, laid carefully by hand with tbois 
broadest faces on the ground. These stones should be nel 
loss than 7 inches in dopth in the centre of the road, 


* ‘The torm macadamised ronds should strictly be applied only te 
ich roads a6 aro formed entiruly of broken stones without any rough 
Pevoment for their foundation ; but of lato’yoars it bas beon found 
convenient to apply the term to all roads composed of and repaired 

th broken stonce. 
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n hard core of brick rubbish or other material, about 9 inchon 
thick, and a layer of broken granite or of flints, about 4 inehes 
thick, The material is not, in gonerul, submitted to rolling 
other than the action of tho traflic. 

In transverse section, the contour of the road ix a segment 
of a circle, All roads and strects are or should bo circular 
inseetion, ‘The gencral practice is in this respect at variance 
with the practice recommended by Mr, Law, page 70, when 
he recommends that the section of the surface should be 
formed of two inclined straight lines, joined by a flat eurve 
at the middle, forming a species of ridge. The advantage 
of the circular section consists in the fullness given to the 
“shoulders” of the road, which lie in the lines of traffic on 
cach side of the contre-line of the road, and thus prosont a 
full wearing surface. 

Estimates have been formed of the relative tear and wear 
of roads duc to the action of the shoes of horses and the 
notion of wheels. Mr. Telford considered that the tearing 
up of a well-made road by horses’ feet was much more in- 
jurions to the road than the rolling pressure of wheels. Sir 
John Macneil was of the same opinion; and, according to an 
estimate formed by him, it appears that, for “the gonerality 
of roads," the wear of and injury to roads may be apportional 
ns follows for fast-coach traffic: Atmospheric changes, 20 
per cent, ; wheels, 20 per cent. ; and horses’ feet that draw 
the vehiclos, 60 per cont. For waggon trafic, the second and 
third causes of wear were adjusted in the proportions of 
85 per cent, and 45 per cent. 

From these and other considerations, it is obvious that the 
wear of macadam roads must necessarily be much greater 
than that of paved roads or streets. Mr, Mitchell's romark- 
able analysis of the material of a macadam road places this 
conclusion in a clear light. 

A cubic yard of broken stone metal, of an ordinary sizo— 

hes or 2} inches vabe—when sereoned and beaten down 
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ances. The rond-roller has long been successfully employed 
in France and Germany for this purpose. A well-rolled 
road covering contains at least from 70 to 80 per cent. of 
muss of stone, leaving only from 20 to 80 per cent. of inter- 
modiate space, most of which should be filled, especially at 
the top, with clean sand. In a cubic yard, the spaces would 
amount to from 5} to 8 cubic foot, which would prove that 
tho spaces aro reduced by rolling to nearly one-half of the 
amount when tho new motal is not rolled, It is scarcely 
necessary to insist on the increase of durability, and tho 
clear gain in economy of maintenance of the road, by alli- 
cient rolling, which, it scoms, was first applied in 1880, 
although but imperfectly appreciated in England until about 
tho yoar 1849, when the first-published recommendation in 
tho English Innguage of hore road-rolling, as a monsure of 
economy, was issued by Sir John Burgoyno, in his paper 
‘On Rolling new-made Roads," Steam road-rollers have 
boen employed in Paris since about the yoar 1864, and wero 
brought into use in England a few yoars later, Moners. 
Avoling and Porter, who have had much experience in the 
manufacture of steam-rollors, have constructed them of two 
classes, each on four rollers, weighing 15 tons and 20 tons, 
‘They are said to be capable of rolling 2,000 square yards of 
new macadam per day, at a cost averaging 16s., making an 
average of 10 or 12 square yards rolled for 1d. 

Mr. G. F. Deacon states that at Liverpool, under a 15-ton 
steam-roller, preceded by a watering-cart, 1,200 yards of 
trap-rock macadain, without blinding, ean only be mode- 
rately consolidated by twenty-seven hours continuous roll 
ing. If blinded with hard-rock chippings from a stone- 
brenker's, the samo area may be moderately consolidated by 
the samo rollor in eighteen hours. If blinded with siliceous 
gravel from } inch to the size of « pin's head, mixed with 
about one-fourth part of macadam sweepings obtained in wot 
woathor, the area may be thoroughly consolidated in nino 
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For the maintenance of the suburban highways of tho | 


metropolis, the cost for maintenance averaged Tid. per 
square yard in 1856, In Birmingham, about the same 
period, the cost averaged 4d. per square yard, with 2d. 
extra for watering and cleansing. In Derby, in 1876, the 
cost for maintenance averaged 11d., cleansing 4}d., and the 
total cost was 1s. 84d. per square yard por year. In Great 
Howard Street, Liverpool, the nett cost for maintenance 
amounts to 8s. 6d. per square yard per year. 

For macadam, the hardest stonos—as Guernsey granite and 
Penmaonmaur greywacké—are the most suitable. Their 
slippery qualities, objectionable in payement, are of no mo- 
mont in macadam, whilst their hardness and tonghness aro 
valuable qualities. In India, the stones used for macadam 
are granite, trap, and tho hard limestones and sandstones. 
Laterite, which is a hard sandstone, is very much used in the 
Madras roads; but it is comparatively soft, and doos not 
bear much traffic. Kunkur is tho material chiofly used in 
India; it is a peculiar formation of oolitic limestone, found 
generally in the form of nodules, sometimes in masses a little 
below tho surface of the earth. Jt makes an exeollent road, 
but it requires constant repair if the traffic is heavy. 


Aspnace Macapast. 


Asphalt macadam, a bituminous concrete, has heen suc- 
cessfully practised in Liverpool, It is absolutely impervions 
to moisture, and has been laid at a cost of Ss. 6d. per square 
yard, six inches deep ; or, including genoral charges, Se. Od. 
per square yard. he asphalt—a mixture of pitch and dead 
oil—is poured hot into the stratam of macadam, sinking to 
the bottom and filling the smallest crevices. On the surface, 
while the asphalt is still warm, is laid a thin etratum of | 

broken stono, which is thoroughly rolled into the 
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asphalt, and fills up the upper spaces between the larger 
stones. As, in the process of rolling, the soft asphalt rises 
between the smaller stones, still smaller riddlings are scat- 


tered over it, until a perfectly true and uniform surface is 
obtained.] 


gS 


CHAPTER IL. 
ROADS IN FRANCE. 


(Ey France tho causeway, previously to 1775, was gonerally 
18 fect wide, with a depth of 18 inches at the middlo and 
12 inchos at the sides. Stones were Jaid flat, by hand, in 
two or more layers, on the bottom of the excavation. On 
this foundation a layer of small stones was placed and 
beaten down, and the surface of the road was formed and 
completed with a finishing coat of stones broken smaller 
than those immediately bencath. As the roads were, down 
to the year 1764, maintained by statute labour (la eorrée), 
with which the reparations could only be conducted in the 
*pring and the autumn of each year, it was necessary to 
mako tho thicknoss of the roads as much as 18 inches, that 
they might enduro during the intervals between ropairs. With 
loss dopth, they would have been cut throngh and totally 
dostroyed by the deep rats which wero formed in six months, 
The supprossion of statute labour in 1764 was the occasion 
of a reformation in the design of causeways, whereby the 
depth was reduced to such dimonsions as were simply strong 
enough for resisting the weight of the heaviest vehicles, The 
dopth was roduced to a uniform dimension of 9 or 10 inches 
from side to side, and the cost was diminished more than 
ono-half. Writing in 1775, M, Trésaguet, engincer-in-chief 
of tho generality of Limoges, stated that roads constructed 
on the improved plan lasted for ten years, under a system of 
constant maintenance, and that they wore in as good con- 
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roads were maintained, by continuous and watchful attention 
in cleansing and repairing them, in good condition, realising 
his motto, Tho maximum of beauty.” But the employ- 
mont of rollors for tho preliminary consolidation and finish- 
ing of the road has boon an essential feature in their eon- 
struction and their maintenance; for it has long been held 
in France that a road norollod is only half finished. It 
apponrs, according to Mr, F, A. Pagot, that tho horse-roller 
was introduced in France in 1888. At all events, in 1834, 
M. Poloneean, struck by tho viciousness of the mode of 
aggregating or rolling the material of the road by the action 
of wheels, proposed, in tho first placo, to consolidate the 
bottom by means of a G-ton roller, aud to roll the material 
in successive layers consecutively, and thus to complote in a 
fow hours what might, in the ordinary course of wheel- 
rolling, require many months to perform. 

The width of the old roads of France was oxcessive, 
amounting sometimes to nearly 80 fect, having the 18 feet 
pavement in the middle, as already described. Thoy are 
now made of widths of from 8 to 14 metres, or from 26 foot 
to 46 feet. ypo-sections of French and Belgian roads aro 
shown in Figs. 43.and 44. The 6-ton roller already men- 
tioned has a diameter of from 6 feet to 6} feet, and is 6 foot 
wide ; weighing, empty, 8 tons, and, full, 6 tons. ‘The maxi- 
mum weight, when loaded, should be from 8 to 10 tons, 
These weights give a pressure varying from 112 tbs, to 
870 Ibs. per inch of width, the sufficiency of which has been 
proved by oxperienco, The empty roller is first used, then 
the full roller, and lastly the weighted roller. Sand or 
other binding, with water, is thrown on the surface at 
intervals. ‘Tho material binds most speedily when the 
thickness is 4 or 5 inchos. Tho surface is kept up by the 
uso of a stamper or rammor, weighing from 15 lbs, to 20 Ibs., 
which is 8 inches in diameter at the baso, shod with iron, 
A rond thus constructed is superior to a road 8 or 10 inches 
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ig. 49-—Southwark Stree. 





into 80 fect for the width of the 
carringe-way, and 10 feet for 
each footway. The bed of the 
road is excavated to a depth of 
21 inches below the finished 
level of the street, following the 
contour of the surfaco, A layer 
of broken stones 9 inches thick 
is distributed over the ground, 
and is covered by a layer of 
hoggin or small grayol and sand 


Fig. 60.—Southwark Street. 


8 inches thick, as n bed for the 
paving. ‘Tho paving consists of 
granite sots, or “cnbes," S inches 
wide and 9 inches deep, and of 
length varying from 10 to 15 
inches, grouted at the joints, 
Tho rise of the pavement is 6 
inches for the width of 80 feet, 
or 1 in 80 for the average in- 
clination; the contour being o 
segment of a circle. The foot 
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gravel and fillod in with an asphalt mixture of pitch 
made from coal far and creosote oil. The use of this 
composition was originally suggosted by Mr. Ronchetti, a 
chemist, of Manchoster. The hard-core foundation, inacces- 
sible to water, is always dry, and it has given entire watis- 
faction, avoiding the use of concrete, 





CHAPTER Y. 
WOOD PAVEMENT. 


[Accornme to the best experience of wood paving it should 
consist of plain rectangular blocks solidly set upon a founda- 
tion of cement, with water-tight joints, A wood pavement 
so constructed as to fulfil these conditions givos satisfaction 
‘on tho five points of convenience, cleansing, maintenance, 
safety, and dornbility. Unless the foundation be rigid it is 
impossible to maintain a pavement in sound condition; and 
os in macadam so in wood pavement, the dogma of clastic 
action bas been exploded by exporience, for it was found 
that euch a dogreo of elasticity as is afforded by the reaction 
of vertical wood fibre against a vertical pressure is quite 
suilicient to absorb the shock of a horse's hoof and to soften 
the strokes of loaded wheels. 

As with granite sets so with wood blocks; the gauge of 
a horse's hoof is the measure of the proper maximum width. 
The most common width of wooden blocks is 8 inches, but 
they aro sometimes made 9} or 4 inchos wide. ‘Tho normal 
dimensions in current practice are—width, 3 inches ; dopth, 
G inches; longth, 9 inches. These are in the ratios of 1, 2, 
and 8. 

‘The streets of the City of London afford the best and 
most exhaustive available experience of wood pnvements. 
Caroy's was the first durable pavement that was tid in the 
City—omongat other places, in Mincing Lano, in July, 1841. 
Tho blocks woro from 6} to 7} inches wido, 18 to 16 inches 








CHAcTES YL 
SSPEAET PAVEMESTS 


Semtace pecements wort fot aid iz Paris, whero, in 1854, 
-saapermemipee ersten boss: In 
35G8, Ghooe cifes of he Palais Bosal were laid with the 
material, which was beoaght to the groead in the state of 
rock crushed nar small pieces, and was Seated and powdered 
by derepiiution. Gm = Gmamdution of concrete, 6 inches 
Bick, Sam f te Sf eles of asphalt wes laid, af a cost of 
Ta. GE per agus punk Tie aanversica of street pave- 
munis inte aspliulb werk om 2 large arale was commenced 
in 1967. 

Is the City of Lomion, eucrage-wsys are constructed with 
Val &) Teasers sumpmesnnd aspaal, on cooerete foundations 
ef Som € te 9 iehes im Shivkowss, according to the traffic, 
‘The rock & ibs ontreal site is bevken ep and reduced to 
powder by exposure te heat iz reveiting ovens. It is then 
lodged iz frac carts with clese-dcing covers and brought to 

avur the sarfsee, and whilst hot 

compressed s2 with beabed irvas into 2 bemegencous masa wilh 
Lickness is fom 2 to 2p inches 

and the usterial is farther com- 

action of trafic by us much 

= the statements of tho 

yy. The first asphab * wes Laid in Thread. 
needle Street, near Finck L=ne, in May, 1569. Tho noxt 
goent that was laid—in Cheapside ‘and the Ponltry—was 





ASPHALT PAVEMENTS. 99 


24 inches thick, on 9 inches of concrete, costing 16g. 8d. and 
1s. 9d. respectively per square yard; together, 18s. 
Other varieties of asphalt pavement have been laid in the 
Gity of London, all of them inferior to the pavement just 
The wear of Val de Travers asphalt pavement has been 
timated by the writer at } inch for 208 vehicles per day 
per foot of width.} 


oie 


613334 
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‘Tho relative advantages of broad waugos and narrow ganges— 
wore exhaustively discussed at tho Institution of Civil Engi- 
neers, on the reading of Mr, W. T. Thornton's paper on 
“ The Relative Advantages of tho 5 feet 6 inch Gange and. of 
tho Metre Gauge for the State Railways of India. Nensly 
all that could have been urged in favour of very narrow 
gatiges was well considcred and refuted in the course of the | 
discussion. ‘The fallacy pervading the arguments for narrow | 
gauges is, that the gauge or width apart of the rails on which 
tho wheels are to run is the basic unit of the system, whereas — 
the width of gauge is little more than an incident. The 
basic unit is the capacity of the vehicles required for the 
carriage of the traiic. Hence the magnitude and weight of 
the vohiclos govern the dimonsions of tho railway, not tho 
incident of gango. It appears that, taken altogether, the 
“normal” or “ standard" gaugo, of 4 fect 8} inebos, is. 
certainly not less officiont than, and is at least as good = 
any other gauge, for tho purposes of genoral traffic, 

The several gauges above noted are here carom 
graphically, in their proportions. The old 7-fect gauge of 
the Great Western Railway is added for comparison :— 

Ft, tn 


* Minutes of the Drocecdiugs of the Institution of Oiett Kxgincers, 
1872-73, vol. xxxv. p. 214, 




















PERMANENT WAY OF RAILWAYS, ll 


outer sides, as shown in Fig. 54; but upon a railway the 
wheels arc mado slightly conical, as shown in Fig. 58, so that 
‘tho diameter (4. or on) of the whocl on its outer side is about 
half an inch less than its diameter (x ¥ or o ) on the inner 
side near tho flange. Now tho effect of this difference in the 
inner and outer diamoters of the wheol is to keop the carriage 
in its proper position in the contro of the railway, and to 
prevent the flanges of the wheels from coming into contact 
with the rails unless under extraordinary circumstances, 
each as a vory strong side wind or a sharp curve, In 
Fig. 67, tho wheels of tho carriage aro roprosented as being 
thrown over on one side, so that the flange of the right-hand 
‘whool bas boon brought nearly to touch the rail. Now if the 





Fig. 63. 


wheels wore cylindrical, and the force which had caused tho 
carriage to swerve in the manner shown in the figure wero 
still to continue in action, the flange would be brought into 
actual contact with the rail, and would so remain until the 
force ceased, or until some gronter force solicited the car- 
ringe to swerve in tho opposite direction ; but if we carefully 
examine the disgram, we shall peresive that the deviation of 
tho carriago to tho right has brought the outer and smallor 
diameter of the wheel x to bear upon the left-hand rail, 
while tho inner and larger diamoter of the wheel om is 
brought to bear upon the right-hand rail, for in consequence 
of the upper surface of the rail being slightly rounding, the 
wheel only rests upon it in one point, With a displacement 
egual to that shown jn the figure, the difference of the dia» 
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meters of the wheels would be about three-quarters of an 

inch, which would causo a difference in their circumforences 

of upwards of two inches; and as the distance that each 

whoel would advance upon the rail in ono revolution would 

bo equal to its circumference, and the two wheels being 

firmly fixed on to the same axle are obliged to revolve together, 

it follows that, for every revolution that they make, the 

right-hand whee! will advaneo two inchos more than the loft- 

hand, and quickly restore the carriage to the position shown 

in Fig. 58, whoro the diameters of the wheels being the 

samo, tho carriage has no tendency to move towards either 
sido, 

This self-adjusting action of tho conical whocls is found 

sufficient to preserve tho carriages in their proper position 

npon the mils on those portions of 

the line which are reetilincar or 

straight; but on the curved por- 

tions a new forco, the contrifugal 

forco, is called into play, by which 

the carriage is solicited to move in 

astraight line ; and if the radius of 

the curve is less than a certain 

limit, the mere action of the conical 

wheels is not sufficient to counter- 

act this tendoncy of tho carringes 


to move in a straight dircction, and 


to cause them to follow the course of the required curve, 
To effect this, therefore, and prevent as much as possible con+ 
tact betwoon the flanges of the whecls and the rail, another 
moans has boen devised of throwing tho carriages over to 
tho opposite side to that on which tho centrifugal force tends — 
to koop them. ‘This means consists in raising the rail on 
tho outer sido of the curve to a certain height above that on 
tho innor side, by which the carriage is thrown over into the 
ition shown in Fig. 69, and a tendency given to it to slide 
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Williams's paper, mentioned tho results of his oxperience on 
tho Blackwall branch of the Great Eastern Railway. In 1874 
ho laid down some pormanont way near Stepney Station, 
where there woro upwards of three hundred trains a day 
passing over a single linc. Tho woight of each train was, on 
an ayerago, about 150 tons, making a total of about 45,000 tons 
daily over ono line of rails. The permanent way on this 
length was composed of both steel rails and iron rails (sup- 
plied by nearly all the principal manufacturers in England), 
weighing 80 Iba, to the yard, and keyed in cast-iron chairs 
resting on rectangular sleepers, Tho stecl and the iron rails 
were purposely laid close together, so as to be under precisely 
like conditions of wear and tear. Tho greater numbor of 
wrought-iron rails had to be turned in one yenr and throo 
quarters, during which poriod they had worn down about 
} inch; but the necessity for turning them did not arine 
from the wear itself, but becanse they gave way in places, 
either by bulging or by splitting. The stool rails had worn 
about yy inch in the samo poriod of ono and three quarter 
yoars; about 27,000,000 of tons had passed over them— 
rather Joss than the tonnage given by Mr. Prico Williams. 
“Tho fact of the wrought-iron rails," Mr, Langloy justly 
observes, ‘ wearing away twice as much as tho stecl, was 
not an indication of the true value of the two rails; because 
the steel rail, after wearing down y'¢ inch, were still avail- 
able, and would continue to be so until nearly the wholo of 
the head was worn off, the wearing-down being regular and 
uniform. ‘The iron rails, on the other hand, wero crushed 
in places, and no longer fit to remain in the road.” Mr, 
Langlay mentioned the results of other comparative trials he 
hod made at the Nine Elms goods-yard, on the London and 
South-Western Railway. In Febraary, 1878, ho had laid a 
stool rail on one side, and an iron rail on tho other sido, of 
the shunting-road where there was most traflic—an avornge 
of nearly four hundred engines and trains passing over this line 
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in tho day of twenty-four hours, ‘Tho stool rail was, atthe time 
of speaking, in May, 1876, still in good condition—a layer 
yr inch thick having been worn off; whilst, daring the same 
period—over three years—the iron rail on the opposite side 
had beon renewed three times, the renewal having taken 
place after exch rail had been turned, and both heads so 
worn that the rail was unfit for further service. 

‘Tho cont of relaying one mile, single line, of the principal 
English railways, during tho poriod 1865—76, is given by 
Mr. BR. Price Williams as follows :— 


Double-headed rails, avenge weight 80 Ibs, por yard; price £7 10a. 


126 Bat 710 
oo 


* 
= 


cucteosS= 


a7 


ecohats 


Renewal of top ballast, 1,792 yus. at 3s. Gd. 
Cost per mile, aingle ne . 


» 105 Gat 315 

+ 370,26 

419, 617 

10, 412 
616.15 8 


Nett cost per mile, single Uno. » 3,995 13 6) 





CHAPTER IX, 
STANDARDS OF PERMANENT WAY OF RAILWAYS. 


[Tnx standard model of permanent way, on the double-headed 
rail and chair system, adopted by Mr, John Fowler, is illus- 
trated in Figs. 62 and 63, showing tho formation, the bal- 
Inst, the sleepers, and tho rails and chairs, as used in the 
Now South Walos Railways, of which Mr. Fowler is the 
Consulting Engineer. 

‘The sleepers are of colonial hard-woods, chiefly of iron- 
bark timber, rectangular in section, 10 inches wido, and 
6 inches doep, and 10 feot in length. They are placed at an 
ayernge distances of 8 fect apart from centro to contro,—being, 
for 21 fect rails, 8 foot 1 inch apart, but, at the joints, only 
2 feet 6 inches, and for 18 foot rails, 8 feet 1 inch apart, bat, 
at the joints, 2 foot 7 inches only. 

The double-headed rails, Figs. 64 and 65, are of steel, 
5} inchos in depth, 2) inches wide, at the upper and lower 
tables, or heads, and j inch thick at the web, or vertical por- 
tion. The upper and lower surfaces—the rolling surfaces— 
are curved in section to a radius of 6} inches, the depth 
of the rail. The sides of the head are rounded to a radins of 
*59 inch, making a diameter, or thickness vertically, of 
14, inches, The shoulders or undorhangs of the tables aro 
inclined to a slope of about 1 in 2, forming straight and 
equally-inclined bearings to receive the fishplates. ‘The fish- 
plates, or splices, with which the ends of the rails are con- 

cted, are of stecl, to the section shown in Fig. 64, and | 
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cut off. ‘This shall be placod with tho head mpwards upou 
iron supports 8 feet 6 inches apart in clear, bedded upon 
solid foundation, 

“The rail to be then subjected to three blows from a 
weight of 1,800 Ibs. falling 6 feet each timo, 

“ The rail is to stand this test without showing any signs — 
of fracture, or greater permanent set than 4 inches at the 
contre, 

“Ono or more crop ends, or eut rails, ehall be solocted, — 
which shall, if nocessary, bo eut toa length of about 2 foet. 
These sball bo placed on the side, betwoon two anvils 
16 inches apart. They shall then receive one blow of a 
steam hammer (in the centre, by the intervention of a man- 
drill) capable of bending them from 2} to 8 inches; and 
shall afterwards bo held on an anvil so as then to reccive ono 
or more blows of a steam hammer on tho end, which shall 
bend them to not less than a right angle (the inner radins 
being not more than 4 inches), and in that condition they — 
thall exhibit no signs of fractaro or serious injury. 

“Tho rails shall also be subjected to any otbor reasonable 
tosts which may be directed by the Engineer, to ensure tho 
rails being of the highest quality for strength and en- 
durance." 

The fishbolts, as well as the spikes for fastening the 
chairs, “are all to be made from the finest quality of closo _ 
fibrous iron. The bars from which the fastenings are made 
will be tested by bending, when cold, to an angle of 45° out 
of the straight line; they are then to be ro-straightened, and 
alter this test thoy shall show no signs of fracture. 

“Tho fishbolts are to have cupped heads forged out of | 
tho solid: they are to be formed at the neck as shown, | 
to prevent their tarning round while being screwed up. 

“hoy are to be | inch in diameter, and all bolts which 
yary more than , inch from the specified diameter, will bo 
rejectod. Tho manufacturer must provide himsolf with 
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some of the approved fishplatos, and daily try tho bolts to 
weo that thoy fit properly in the plates, Tho screwed 
portion of the bolts to be of the exact length shown, the 
threads to be of Whitworth’s standard,” 

‘The cast-iron chairs in which the double-headed rails are 
fixed aro shown in Figs. 66, in which the rail is shown 
in its place, canted to an anglo of 1 in 20 with the perpen- 


Gioular; and fixed with » bard-wood key or wedge. The 
chairs weigh 26 lbs. each. The sole is 18} inches long, 
4} inches wido, and 1 inches thick under the rail. Each 
chair in fixed to the sleeper by two spikes. The holes for 
the spikes are cast conically toa diameter of } inch at the 
bottom, and } inch at the top, and are afterwards cloanod 
out with a rymer ton diameter of 3} inch at the top, tapering 
fo $2 inch at the bottom, ‘The rail is fixed in the chair by 
means of a hird-wood koy 13 inches thick, Test-bars of 
the metal used for casting the chairs, aro cast to a 
seantling of 2 inches by 1 inch, and to $4 foct in length. 
‘They are placed on edge, on supports $ foot apart, and 
are required to carry a dead weight of 20 cwts, suspended 
from the centre of the bar, without fractare. 

‘The wrought-iron spikes for the chairs are j inch in 
Wiamoter, with semi-spherical cup-heads 1) inches in 
Giameter, forged out of tho solid. The neck of the spike 
fa 1) inches long, and is slightly taper, being 74 inch in 
diameter next the head. ‘The end of the spiko is chamfored. 
‘The weight of the spike is about 1} Ibe, 
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by repeated blows to 8 inébes out of a straight line in a 
length of 3 fect 6 inches, and must then exhibit no signs of 
fracture. 

“ The rails shall also be subjected to a suspended fond of 
26 tons between 8 fect 6 inches clear bearings, without pormn- 
nent set exceeding A inch, and to any other reasonable touts 
which may be directed by tho Engincer, to ensure tho rails 
being of the highest quality for strength and toughness.” 

It is added that, “ if more than 6 per cont. of tho rails eo 
tested fail to bear the tests satisfactorily, the entire bateh 
from which the rails were selected shall be liable to absolute 
rejection at the discretion of the Engineer." 

The fishplates, in section, Fig. 68, are of ateol, ‘ Thoy are 
to be sawn off square at the ends, and are to be porfuetly trae 
and fair in surface after cutting and punching, without any burr 
on the edges, or bulging, and tooffect this, thoyaretobe pressed 
while hot, in a press provided with dies proporly contoured 
to the section of the plates.” Each plato has four holes 
punched in it, } inch wide, and angled at cach sido, to 
receive the corresponding squaro anglos on the necks of 
the bolts, ‘The fishplates weigh about 22 Ibs. por pair, thoy 
are, when finished, heated and dipped in linseed oil, ‘Tho 
fishplates are like those which have already boon described 
for the double-headed rails. 

‘The serows and spikes for fastening the rails to the 
sleopers aro manufactured of }-inch round iron, with the 
heads forged out of the solid, ‘The screwed part of the wood- 
screw tapers } inch indiameter. ‘The screws and the spikes 
weigh 1 Ib. each. 

In the United States, the Vignoles, or flango-rail, is almost 

iniversally used for railways. It varios in weight from 

Ibs. or 70 Ibs. per yard, on a few of tho leading lines, to 

O Ibs. on narrow-gauge lines. Fully 60 por cent. of the 
Tonath.is Jnid with rails of 56 Ibs. per yard; and rails of 

hd 50 Ibs, por yard aro next in frequency, Captain 
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surface of tho sloopers. At tho outor edges, Tt is sloped 
down to the formation level. Where stone ballast is used, 
it is broken uniformly to a gauge of 2} inches in diameter, 
For double lines, large stones are placed in the bottom, at 
the centre between the lines, to provide for drainage; but 
thoso stones are kept apart from the ends of tho sleopors, 
‘Thus water is drained off rapidly.) 





| 
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CHAPTER X. 
METALLIC PERMANENT WAY OF RAILWAYS. 


[Merartic permanent way, in which the sloopers are of iron, 
has been much employed in tropical countries, and is now to 
some extent adopted in France and in Germany. The oldest 
and most widely used system of metallic way is that of Mr. 
Hi. Greaves, who, in 1846, introduced s spherical or bowl 


sleeper of east-iron, having 
the chair for the rail cast 
on its apex. The alternate - 


through and aro bolted to 
them. The form of the ~~. 
sloeper is strong, it holds Wie Y= Pov eas: 
woll in the ground, the chair is not liable to be detached, the 
whole bearing surface is dircetly beneath the rond, the ballast 
is kept dry and elastic ; nnd there is a simple means for pack- 
ing the sleeper through the holex, with a pointed rammer, 
from the surface, so that the sleeper and the rail can be forced 
gpwards without disturbing the general bod of ballast; or they 
may be lowered by taking out a portion from tho interior. 
Wrought-iron transverse sleepers were first tried in 
Belginm in 1862, then in France and in Portugal, and after- 
wards in Germany. Ono of the first of them was tho 
Conillet sleeper, like I in section, 7 inches wide, with o 
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shallow flange at each edge, and about 8 feet long, weighing 
100 Ibs. It was Inid flat on the ballast, and a flange-rail 
was bolted to it, bedded on a cushion of hard-wood. The 
Le Cronier sleeper was also shallow in section, like r-, con- 
sisting of plate-iron tamed down at the edges. It was 
12 inches wide, and 8 fect long, and the flange-rail, placed 
directly upon it, was fixed by brackets bolted to the sleeper. 
‘These and other wrought-iron sloepors were tried, and were 
found to bo doficiont in yortical stiffness, and inconvenient 
for the operations of packing, whilst they offered little rosis- 
tance to luteral displacement of the way. 

The Vautherin sleepor, first tried in 1964, on the Tyyons 
Railway, has been successful. It is hollow in section, of the 
form A, truncated, supposing the upper part of the letter to be 
removed ;_ presenting a fat bearing surface, 8} inches wide, for 
a flange-rail. It is 8 fect in length, and 9 inches wide, over tho 
flanges forming the base, It is § inch thick at the centro, 
and is only about half that thickness in the wings. ‘Tho 
railis fixed to the sleeper with gibs and cotters. It bas 
been reported that the motion over the Veuthorin sleepers is 
much easicr than that over sleepers of oak, and that in comse- 
quence the cost of maintenance is comparatively small, It is 
statedthat among a number of rails, laid for trial under similar 
conditions, some of thom on wooden sleopers, and somo of 
them on Vautherin sleepers, the number of defective rail 
amounted to only 2} per cent. of those laid on Vautherin 
sleepers, against 18 per cent. of those Jaid on wood, It was 
found that if the Vantherin sleepers were not at loast 8 faot 
jn length, they failed at the ends, and that even for this 
length it was oxpedient to strengthen them at the angles. 
It was also found that large and hard ballast, or broken 
stones or broken slag, aggravated the tondeney to give 
Way. Ballast of ashos produced a similar bad effect, and 
also caused the sleepers to rust. On the contrary, ballast of 

of a marly character, adapted itself admirably to the 








CHAPTER XI. 


RAILWAY SWITCHES AND CROSSINGS, 


Tr in froquontly necessary to pass trains from one line of . 
rails to nvother, and several different methods have been 
dovised for doing this, Ono of the simplest and most 
froquently-adopted plans is to lay down a short line of rails, 
connecting the other two, and so establishing tho desired 
communication, It becomos necessary, however, thon, to 
have the means of conneeting and disconnecting this short 
with the main line at pleasure, according as it is intended 
that tho train should leave or continue upon the latter; and 
this is effected by means of a contrivance termed a switch, 
which is shown in Fig. 73; a6 and ed aro portions of the 
rails of tho main line, and ¢/fand g h portions of the short 
lino branching from it, all of which are immovably fixed in 
the ordinary manner, with the exception of the two rails ¢ 
anid #1; these, which are termed tho tongues of the switch, 
are only fixed at one of their ends, fand %, on which they 
turn as centres; their other onds are tapored away to nearly 
a pout, a slight recess being cut in the other lines, at # and 
J, into which thoy fit, These tongues are connected together 
by a bar, w no, by moans of which they are always pro- 
served at such a distance apart, that when either of tha 
tongues is in contact with the rail near it, the other shall be 
removed from the opposite ruil sufficiently to leave space fo 
‘be flange of the carriage-wheels to pass betwoen them. Tn 
, then, to cause a train to pursue its course along th 
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main line, or to loave the same and enter the branch line, 
it only becomes necessary to move the bar m nw 0, which, 
avhen in the position shown at A, will cause the carriages to 
leave the main line, but if shifted into the position shown at 
2, Will cause them to continuo their courso along the same, 
It is usual to have the switches so arranged that thoy are 
kept in the position shown in » (in which the main lino is 
not interrupted) by a self-ncting weight, the attendance of a 
man to move them into tho position shown at a being 
nocossary when it is desirod that tho train should leave the 
main line, Two goard rails, p g, rs, aro necessary in order 
to provont the flanges of the wheels from striking against the 
point where the two lines intersect each other, 

Another method of removing only single carriages from 
one line of rails to another, is by means of what is tormed a 
turntable, Three of these are shown in Fig. 74, at 4, p, and 


Fig. 14.—Turntables, 
©. ‘hoy consist of a circular platform of timber or fron, 
supported on wheels, and fixed upon a contre in such a 
manner that it is capable of being turned round, even 
when loaded with a considerable weight, without much 
friction, On their upper surface they have usually two lines 
of rails crossing at right angles, and they are so placed that 
these form the continuation of the main lines of the railway, 
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the figare. Now, the way in which these aro employod is a3 
follows: supposing that a number of carriages situated on 
tho line ¥ ¢ were roquired to be removed on to the line v4, 
the carringe noarost c would be moved on to tho turntablo o, 
(which, it should have been stated, is of sufficient diamoter 
to receive tho whole of the carriage upon it,) and brought 
into the position shown by the whole lines, « b ¢ d; tho turn- 
table would then be turned upon its centro through a 
quarter of a circle, by which the carriage would be brought 
futo the position shown by the dotted lines ¢ f g A; it would 
then be run over the tnratable 2, on to a, into the position 
shown by ik lm, and the turntable a being turned upon its 
contre, would bring the carriage into the position shown by 
the wholo lines, no yg, in which it would only have to 
move down the line of rails to; and the same mothod of 
procedure being followed with the other carriages, the whole 
train would in a very short timo bo shifted from one lino to 
the other. If it had beon desired to bring the carriage on to 
the contro line of rails, then the turntable » would have been 
employed instead of a. 

A simple method of reversing a train of carriages is shown 
in Fig. 75, which consists in forming a short branch, & F, at 
right angles with the main line, and communicating with it 
by two curves,um and xc, The train hns only then to be 
rin off the main line, by tho curve x, into the branch, 
tantil tho last carriago has cleared the point 2, when the 
switchon aro altored, and the train rotarned to the main line 
hy the other curve, x c, by which the whole train will have 
boon reversed, the ond which before waa towards a boing 
now towards p, 


[Switches constructed of ordivary double-headed rails aro 
‘open to the objection of the insufficient woaring surface of the 
Jower table of the rail on the chair, and to the instability 
arising from the great height of the tongue rail, relatively to 
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tho width of the base. Hence the adoption of spocially- 
formed rails for the construction of the points, Wild and 
Parsons’ switch, of which the section and contour lines are 


Big. £9:-—Reveriog Curve 


shown in Figs, 76, is on a good model, Tho tongue rail, 

Fig. 77, has great width of base—nearly 4 inches—whilst 

the height is only 8} inches, as against 6 inches, the height 

of tho fixed rail. It thus possesses both stability and trans- 

vorso strongth. Again, the tongue 

is so tapered that the end of it is 

housed under, instead of being 

notched into, the upper table of 

the fixed rail; so that the train 

may be transferred withont shock 

from the fixed line of rails to the 

siding, or vice versd. The fixed 

= rails are secured in the chairs 

by wodges instead of ping as 

76,—Wild and Parsons’ Switch. formerly, The tongue rails are 

each 12 fect long, There are two heel chairs, to which the 

switches or tongue rails are pinned, on whieh they Yarn, and 
eight intermediate chairs, on which Yuey wide, 








CHAPTER XI. 


TRAMWAYS. 


[A tramway, in the modern sense of the word, is a streot- 
railway, or a road-railway, forming part of the road or the 
stroot, and constituting, with the carriago-way, a combina- 
tion of railways and common thoroughfares, such that the 
traffic of tho stroet or the road, unaffected by the tramway, 


ia froe to cirealate. It follows, as the principal condition of 
such froo circulation, that the surfaco of the rails, whilst 
those are adapted for carrying flanged wheels, should be 
substantially at the genoral lovol of the carriage-way. 

‘The modern tramway was first employed in the United 
States, whore it was urgently wanted, in consequence of the 
inferior condition of tho streets and roads of the large cities. 
‘The first American tramway was the New York and Haarlem 
lino, of which the first section, laid in the main thorough- 
fares, was opened in 1882. It was laid to a gauge of 4 fect 
8} inches. But it was unpopular, and was for a time gup- 
pressed. Tramways, nevertheless, were revived in the same 
city, about the year 1852, by the instrumentality of M. 
Lovibat, a French engineer, who recommended and laid down 
a tramway consisting of rolled wrought-iron rails laid upon 
wooden sleepers. The rails were constracted with groove 
in the upper surface, to guide the whecls of the cars, which 
were made with flanges, like those of railway carriages and 
waggons. Tramways were rapidly multiplied in New York, 
whieh owes much of its development to the tramways, the 
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noxious grooves with massive sections. An unsophisticated 
observer, struck by the proportions of the rails in New York 
with their portontons grooves, described them as ‘raile 
which have a sort of iron gutter attached to oach on thoir 
inside edge.” ho following are the leading particulars of 
some tram-rails in New York :-— 


Tham-natta tx Naw Youx. 


ce rts apne tt) 





Inches, 
New York and Haarlem 2 
Brooklyn City 
Bey Y piss Seat Avenue 


Bighth_ 


In ordor to mitigate the inconvenioncos of tho Now York 
sections of tram-rails, a different form of rail—a “' step-rail,”” 
as it may be called, Fig. 79, from which the groove was 


banished though a te remainod—was introduced in Phila- 
delphia, and laid in Fifth and Sixth Streets, where it gave 
satisfaction. It consisted of a flat plate, Ginchos wide, formed 
with a raised lodgo or fillet at one edgo, standing } meh 
above the surface of the plate, without any groove, ‘The 
plate was formed with a ledge or fillet at each side, below, 

into corresponding rebates in the upper corners of the 


y 





M45 


« The weight was 461bs. per yard. The gauge was 
d at 5 fet 2 inches betwoen the ledges, to suit tho wheels 
ordinary vehicles, which could run on the lower flat sur- 
The typo of tramway thus scttled for Philadelobia. in 

5, is shown in Figs, 80 and 81. 


Pige 0 and 61.—Tramwey, Philadelptos, 


tails wore laid on longitudinal slocpern of yellow pine, 
‘wide and 7 inches deep, bolted down upon transverse 
© 
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sleepers, 6 inches wide and 5 inches deep, with iron kneos to 
maintain the ruils in gauge. 

‘Tho step-rail is in general uso in the principal cities of the 
United States, where probably there is loss of the light eah 
and omnibus traffic than provails in English cities exposed 
to the action'of the obnoxious step. ‘The gange of tramways, 
adopted for the most part in the United States, is 4 foct 
8} inchos. 

Tho modern tramway was introduced in England by Mr. 
G. F. Train, who, in 1857, mado proposals for laying tram- 
~yays, on the system originated in Philadelphia, in somo of 
the motropolitan thoroughfares and in a fow provincial 
towns. Lines were laid in a few places; but, after brief 
periods of trial, the lines were removed, though in some 
places, an at Birkenhead, flat-grooved rails were substituted 
for tho step rails. 

Tn 1866 and 1867, application was made to Parliament for 
power to construct a system of tramways in Liverpool, for 
which an Act was obtained in 1868. This was tho first 
English system of tramways for passenger traffic that was 
suthorised by Act of Parliament. The works were con- 
stracted under Mr. Georgo Hopkins, as engineer-in-chief, to 
a gauge of 4 foet 8} inches. The form of the rails adopted 
in the original construction of the Liverpool tramways was 
of a flat-grooved section, such as had been found to answor 
satisfactorily at Birkenhead, though narrower, weighing 
40 Ibs. per yard, about 1 inch in thickness, and having a 
section area of about 4 square inches, Rails of similar bat 
Jarger acction were afterwards omployod, woighing 45 tba. 9 
per yard, shown in Fig. 82. The rail was little elso than a 
flat bar, having a narrow and shallow groove in its upper 
surface, with a fillet on Jower side, and bedded on a longi- 5 
tudinal sleoper. ‘Tho rail was 4 inches wido, and 19 inches 
in thickness. Tho groove was formed with sloping sides, 
send was 4} inch in depth, with a width of § inch at the | 
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wore laid in and spiked to cast-iron clip chairs, Figs, 81 
and 85, which wero placed about 4 fect apart longitudinally, 





and rested direst on tho con- 
crete foundation. The gauge 
of the rails was fixed by bar- 
iron cross ties, 1) inches deop 
by finch thick, the ends of 
which were dovetailed into 
grooves cast in the inner sides 
of the chaire. The chairs were 
6 inchos wide at the joints of 
the sleepers, and 8 inches in- 
termediately. The roadway 
was nearly all of macadam, 
and the materials for the con- 
erote wore taken from the 
macadam which was lifted to 
make room for the line ; whilst 
the whole of the surface be- 
tween the rails, and for awidth 
of 18 inches beyond the outer 
sides of the rails, was payed 
with Welsh granite sets— 
4-inch cubes between the rails, 
and scts of 6 inches in dopth — 
for the outer 18-inch spaces. 
The onter width, 18 inelos, 
was provided in the Act, and 
it dofined the marginal boun- 
daries of the breadth of road- 
way to be maintained by the 
tramway company. ‘That 
pwns was, und is now, ae 
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EE res pew babii set up by 
a nuts at both sides of the 
sloopers, as shown in the 
section of tho way, Fig. 86. 
Streets in Constantinople, 
of from 18 feet to 28 feet 
wide, wore paved across the 
whole of the way, a8 shown 
in Fig, 88, 
‘The total lengths of stroots 
traversed by tramways, in the United Kingdom, on Jano 80, 
1876, were as follows :— 
Miles. 
England and Wales . - . 1323 
Scotland. aah 4030 
- » 2600 
» « 19861 
“The sootion of tramway 
employed by Mr. G. Hop- 
king in the reconstruction 
of the North Metropolitan 
Tramways, in 1877, is 
shown in Fig. 89. Tho 
pre-existing foundation of 
concrete was partly me 
nowed by tho excavation, 
: under ench sleeper, of a 
Fig. 8—Tramways, Constantinon'e, sallow trough in the con” 
crete, 1} inches doop and 6 or 7 inches wide. This trough was 
fillod with fino concrete, in which the longitudinal sleepors 
wworo ombedded toa dopth of half an inch. The sleepors are 
4 inches wide and 5 inches deep, rebated at the upper side to 
fit to the rail. They are bedded at the joints on plates of fir, 
8 inches wide and 2 inches thick, lot into the foundation. 
‘The rails aro of stecl, weighing GO Ibs, per yard. They are 
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engineer at the time. The lending featuro of tho system, 
Fig. 91, is the mothod of fastening the rail to the longita- 
dinal sleeper and the foundation of concrete by means of a 
central bolt. The groove is formed centrally in the rail, 
which affords a bearing over its whole width for wheels 
correspondingly formed, with a central flange. On the 
fottom, n foundation of concrete, made with Portland cement, 
Tinchos doep, was Inid for the whole width of tho strect, 
and finished with a parfectly 
mnooth surface. ‘Tho longitudinal 
timber sleepers aro 3} inches 
wide and 653 inches deep. The 
rails are of Bessemer steel, weigh- 
ing 61 Ibs, per yard, rolled in 
lengths of 24 fect 2 inches, with 


shorter lengths. Thoy are 3} 
inches wide, and 3} inches decp 


1} inches wide—together, 
2p inches. The rails are bedded 
with coal tar on the slecpers, 
nd are fastonod by means of is, t—Liverpos! Trssaway. 
central J-inch bolts, eneh of which is formed with sin eye at 
the upper end, which ombraces a 32-inch round iron cross 
pin, passed horizontally through holes in tho sido flanges of 
the rails. The bolt passes down through the sleoper, and 
nearly throngh the stratum of conerete, and is formed with a 
‘oad at the lower ond, which takes a bearing upon a round 
esst-iron plate or washer 6 inchos in diameter, which, with 
the Jower portion of bolt, is embodded in the concrete. Tho 
halt is adjustable in length by means of 9 right-and-left 
handod double nut, Tho paving-sets aro from 7 to 7} inchos 

us 
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to 98, ‘Tho rails aro of wrought iron, having a middle ver- 
tical web on the under side. They are 8 inches wide, and 
weigh 80 lbs. per yard. The 
sloopers aro cast-iron blocks, reet- 
angular, hollow, open at the base, 
and ribbed interiorly. They are 
about 11} inches long, 7} inches 
wide, and 6 inches deep; placed at 
2 foet Gf inches apart botween centres, and tiod transversely, 
Tho system bas been adopted for the tramways of Monte 
Vidoo and elsowhero, 

Ransomos, Doas, and Rapier's system, Figu. 99, 100—a 


Vip, 19.—dilook Bleeper. 


Pig. 7%.—Teansomes, Deas, anil Tpier’s Tramway. 


cast-iron way Inid on conerete—was laid in 1870 at Glasgow 
harbour. It has stood the traffic satisfactorily. 

Mr, Joseph Kincaid’s iron way has been extensively laid 
in England, Side-flanged rails are fust- 
ened to cast-iron chairs placed at 8 foot 
apart between centres by means of staples 
atench side. The staples penetrate into 
hard-wood plugs let into the chairs. For 
the Bristol tramways, the rails were of 

yp, 100 ~ wrought-iron, weighing 48 Ibs, por yard; 
Ranwme's Tram-roil. for the Leicester tramways they were of 
Siemens stool, 47 Ibs. per yard. In the mora recent deye- 
lopment of the system, for the Salford Corporation Tramways, 
Figs. 101 to 108, the rails, of iron, weigh 60 Ibs. por yard; 
they aro $4 inches wide, and are 2} inches deep, with a maxi- 
mum thickness of 1g inches. The tread, or rolling surface, 
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and he contemplates tho adoption of the same system for 
tho Woolwich tramways and the Northampton tramways. 
In tho matter of the paving for the Croydon and the 
Cambridge tramways, asphaltic pavement bas been laid at 
both places for the sake of freedom from the noixe 
of horses’ fect. Mr. Floyd proposed the paving 
of granite sets, but he was overruled by the local 
authorities in each instance. The paving isa 
species of asphaltic macadam ; the first layer is 
made with stone broken toa 2}-inch ring-gauge. 
The uppermost layer is made with stones broken 
to a }-inch or a 1-inch gauge, and is well rolled 
in. It is finally painted with a mixture of boil- 
ing tar and mineral piteh, and strown with kiln- 
> dried sand. After twelve months’ trial of this 
paving at Croydon, the results were #0 far sa- 
© tisfactory that its uso was continued, Mr, Floyd 
% considers that on roads whore vehicular trafiie is 
of a light character, this kind of paving may be 
used with economy; but that for considerable 
traffic, granite-set paving is preferable. Taking 
y the cost for asphalte paving at one-third of that 
of granite paving, in connection with the cost for 
maintenance, the average annual cost would be 
oqual. Tho asphaltic paving is liable to coxe 
upwards during very hot and dry weather, but 
it keeps the substructure thoroughly dry. 

Mr, Floyd found that the cross-sleepers aid 
materially in absorbing vibration—a matter of 
special importance for girder-raila; and that, 
when such rails are laid on concrete, the greater 
the sleopers aro in width the easier is the motion 

r of the tramcar, ‘The constraction of the Cam- 

bridge tramway is sbown in cross section in Fig. 108. ‘The 

Pooper aro 9 inches wide by 4} inchos deep, and aro placed 
ances of 4 foot apart between centres.\ 





CHAPTER XII. 
CANALS. 
Or rae Gewenin Annanoexenr or Caxats. 


Cawars are artificial channels of water, which have been 
formed for the purpose of affording tho facilities of water 
conveyance in districts whero no natural rivers and stroams 
exist, or where those which may have existed havo, froma 
variety of causes, been ill-nadapted for navigable purposos. 
And, in fact, eanals possess (generally speaking) s0 many 
advantages over rivers, that they have frequently been con- 
structed, at considerable cost, in situations where navigable 
rivers were already existing. In many rivers the existence 
of enrrents and shoals renders the navigation difficult and 
uncertain, and in times of floods and freshots, it haa fro- 
quently to be entirely suspended. It may also be remarked 
that rivers seldom flow in a very diroct courso, but more 
frequently pursue a winding path, depending upon the form 
‘of the valloys through which they bave to throad their way: 
in such situations as thoso, the superiority of canals is sufli- 
ciently obvious, 

Tn laying down and arranging the general line of a canal, 
‘many points have to be considered in addition to those which 
baye boon generally mentioned, as applying to them in 
‘common with roads and railways, at the commencement of 
Chapter I. One of the most desirable points to be attained 
is & perfectly level surface throughout its whole extent. It 
i, however, very scldom that the country is 20 favourable 
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at a being opened, and those at o closed ; the former are 
then shut, and the water in the lock chamber is allowed to 
run ont by channels, u y, formed at the lower end of tha 
lock, similar to thoso already deseribed at the upper, until 
level with the surface of the ower canal, when the gates at 
© aro opened, and the boat passes out of the lock. 

‘Tho quantity of water lot out of the upper canal in the 
passage of a boat doponds upon tho direction in which the 
boat is moving, and whother it finds the lock filled or ompty. 


Tt is therefore evident, that a sories of boats following 
each other in the same direction, either up or down, will 
require one lockfall of water for every bont that passes ; but 
if the boats pass alternately up and down, only ono lockfull 
will be required between each pair, since evory ascending 
boat requires a lockfull, and leaves the lock full; and every 
Geseending boat finding the lock fall, does not require any 
water from the npper canal. 

When the ground rises or falls so rapidly as to require 
several locks in » short distance, it is not uansnal to form 
what is called a chain of locke, or to make a succession of 
loek chambers immedintely contiguous to oach other, the 
lower gates of one chamber forming tho uppor gates of the 
‘next below it, as shown in Fig. 118, Tho advantage of this 
‘arrangement is a considerable saving in the cost of construct- 

wg the Jocks, arising from the circumstance that only one 
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more than half the number of gates, with all the machinory 
for opening and closing them, is required. 

In some situations, where the supply of water for lockage 
is small, a system hag been adopted by which the quantity 
required for this purpose is much lessenod. This aystem 
consists in forming one or more excavations or ponds by the | 
side of the lock chamber, with which they are connected by 
culvorts, having sluices, or valves. Tho lovel of these ponds 
is so arranged that when the lock is full, and it is desired to 
lot off the water, so as to lower its surface to the level of thy 
lower canal, instead of allowing the whole of the water to 
ran into the canal, a portion of it is run into the pond, and 


Pig, 118 —Canal Locks, 


thero kept until it is agnin dosired to fill the lock chamber, 
when, instead of taking the whole of tho water required for 
that purpose from the upper canal, that from the pond is first 
allowed to run into the lock, and the remainder only taken 
from the upper canal. 


Caxan, Aquenvers, 

Tn carrying canals across short and deep valleys, in order 
to avoid a succoasion of locks which would be required if the 
surface of the canal were made to conform to that of the 
valley, it is usual to carry them across at a hi lovel, 
through a water-tight channel formed and sae upon 
arches, Such structures are termed agnedwett, and in their 
constrnetion have afforded some fine opportunities for the 
display of ongincering skill, 
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Figuro 114 is an clovation of a portion of ono of tho most 
telebratod aqueduets, that of Pont-y-Cysyllte, constracted by 
Telford, for the purpose of carrying the Ellosmere and 
Chester Canal across the valley of the Dee. It is upwards 

+ of 1000 feet in longth, consisting of nincteen arches of equal 
' 


Pig. 115. 


, but varying in their height above the ground, The three 

in olovation in Fig. 114, and in plan in Fig. 115, are the 

‘Mighest, boing those which cross the River Dee itself; the 

garface of tho canal is 127 fect above tho usual level of the 

water in the river. Tho aqueduct itsolf is a cast-iron trough 

{abown in section in Fig. 116), formed of plates with flangos 
a ~ 
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in this ease only the bottom or floor of tho canal is of iron; 
the sides, which are 5 fect 6 inches in thickness, being built 
of ashlar masoury backed with brickwork in cement. 


[Canals are classified as bango canals and ship canals; the 
former laid out for local or inland traffic, the latter for 
through trafic from sea to sea by 


ways, appear to hold their place 
in the system of inland trans- 
port of goods and minerals, par- 
ticularly in the United States and 


competition with railways; for they aro 
neither nor altogethor certain in tho matter of 
water supply, particularly in dry seasons; nor in sovere 
winter weather, when the trafic is liable to bo inter- 
rupted by ice. Such objections do not apply in tho samo 
degree to ship canals, of which the low-level canals receive 
their supply from the sea, and which cannot, at loast 
in temperate climatos, bo frozen over; whilst ship canals 
generally command a monopoly of traffic in affording short 
tad sheltered passages for soa-borne vessels, 


Bangor Caxats, 
_ According to the section generally adopted for barge 
‘tanals, thoy are constructed with a width of from 24 foot 
40 foot, and are from 4 to 5 feet in depth, When formod 
2 
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ease and expedition, Tho longth of the canal is 101 miles, 
and the total rise and fall is 1,557 foct, of which 228 foot 
are effectod by means of locks, and tho remaining 1,984 foot 
by inclined planes. Slightly built boats 80 fect long are 
fiable to injury by straining while resting on the cradle ; but 
this objection has, to some extent at least, been overcome by 
Mr. Leslie and Mr. Bateman on the Monkland Canal, whero 
the boats aro not wholly grounded on tho ecarriago, but aro 
floated and transported in a carriage of boiler-plate contain- 
ing 2 fect of water. ‘This inclined plane is 96 feot in height 
toa gradient of 1 in 10, and is worked by two 25 horse- 
powersteam-engines. The maximam woight raised is 80 tons, 
and the transit is cffocted in ten minutos. Tho avorago 
total number of boats passed over the ineline is about 
7,500 per year. 

‘The most recently constructed lift for canal boats ix that 
designed by Mr. E. L. Williams, jun., for establishing a 
means of communication between the river Weaver and tho 
‘Trent and Mersey Canal at Anderton. Tho canal, which for 
some milos runs parallel and close to the river, is on the top 
of « bank, whilst tho river rans at the bottom, at a level of 
GO feet 4 inches below that of the canal. There is an island 
in the Anderton basin of tho Weaver, which was fixed upon ag 

| the site of the lift. Thore is also a basin of the canal, from 
| whieh the water of the canal is carried in a wrought-iron 
at the lovel, across an arm of the river, to the end 

of the lift-pit on the island, where the boats are lifted and 
lowered botweon the end of the aqueduct and a cutting from 
the main river into the island. The aqueduct is of wrought 
nou, $4 fect 4 inches wido, 8} fect deop, divided longitudi- 
tally into two channels by a central web, and carrying 

Hh feot cf water. Each end of the nquoduct is fitted with 

@) Wtonght-iron balanced lifting-gntes for controlling thie ingress 
je And ogress of barges. ‘Tho lift is double, and the bargos aro 
eet il tts in a box or trough full of 





togethor, £48,428, Tho contract for the ironwork was let 
in 1872, when maximum prices prevailed. In fall operation, 
the working expenses amount to £15 par week; adding 
10 per cent. of the prime cost, £93 per week, makes a total 
of £108 per week. ‘The lift is capable of transferring 
16 barges per hour—8 up and 8 down—equivalent toa total of 
060 burgos transferred per week, The laden barges average 
about 25 tons burden each, making 12,000 tons per wook, 
Giving as the average working cost 2-16d. per ton. 

‘Tho rapidity of performance of the lift, by which in eight 
minutes two barges can be transferred from the river to the 
eanal, and two others from the canal to the river, is illustrated 
by comparison with the operations at a flight of locks on the 
canal at Runcorn, whore it requires from 14 to 14 hours for 
& barge to pass through tho locks.* 

A sufficient number of waste-weirs, for the discharge of 
surplos water accumulating during floods, are required on 
canals. Whorever the eanal crosses a stream, and at other 
points where the canal is liable to influx, waste-weirs should 
bo provided, with courses for discharge of the water into tho 
nearest stroams. Waste-weirs are placed at the top water 
levels, 80 that when » flood occurs tho water overflows 
directly, and the banks of the canal are relieved. If suit- 
able oxita be not provided, the banks may be breached, the 
tow-path may be flooded, adjoining lands may be damaged, 
‘aud the traffic may be arrested. 

Stop-gates are necessary at short intervals of a few miles, 
for the parposo of dividing the canal into isolated reaches, in. 


® Soe n paper on “ Hydraulic Canal Lift at Anderton, on the river 


Wearer Hy S Duor. the 
steele Proceedings of the Iuxtitution of Civil Engineers, 
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purpose of drainage, and also to enable the horses better to 
resist the oblique pull of the boats. Tho drainage of the 
tow-path should be carried toa sky-drain, ag in Fig. 120, and 
at intervals passed below the path to the canal. 

The protection of the banks at the water-lino is a matter 
of importance, as the washing, or wavos, croated by passing 
boats extends 9 inches or 12 inches abovo and below the 
still water-line. “ Pitching" with stones or fcing with 
brashwood is applied, as indicated in tho figure. ‘Tho latter 
system forms an eoonomical and offectual protection 


Sur Canars. 


‘The Caledonian Canal was constructed throngh the ‘ Great 
Caledonian Glen,” to supersede the coasting voyage by the 
north of Scotland, through the stormy Pentland Firth. The 


district embraces a chain of fresh-water lakes, which aro 
connected by renches of canal, It was constructed 20 foot 
deop, 120 fect wide at the top, and 50 foot at tho bottom ; 
bat the working depth has recently boon given by Mr. D. 
Stevenson as 18 fect. ‘The canal is capable of transporting 
yveusols 160 fect in length, 88 feet beam, with a draught of 
17 fect. Tho total length of the passage is 60} miles, of 
which 23 miles consist of artificial canal, and the remainder 
of lake navigation. The sommit level at Laggan is 102 fect 
above the level of neap tides, and is reached by means of 
26 locks—18 locks on either side—having a lift of 8 fect. 
‘The locks are 170 foct long end 40 feet wide. The cost of 
the canal amounted to a million sterling. The canal was 
oponed in 1828, 

‘Whe Languedoc Canal, by a short passage of 148 miles, 
#ayos & soa voynge of 2,000 milos by the Straits of 
Gibraltar, By the Forth and Clyde Canal, making 85 miles 

| of inland navigation, sea-borno vessels may bo passed across 
J Scotland. The Crinan Canal substitates « short inland rows 
across the Mall of Kantyro for a sea voyage of 70 wiles round. 
1? 
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‘Tho Amsterdam Canal, 15} miles long, was constracted 
between Amsterdam and tho North Sea, through tho Wyker 
Meer, Tho canal passes from the North Sea by a decp eut- 
ting through a broad belt of sand hills, which protect tho 
north const of Holland from the inroads of the sea, and thon 
ontors tho Wyker Meer and other tracts of tide-oovored Innd, 
wheneo it renches Amsterdam. Tho material excavated from 
tho enttings was deposited so as to form two banks 448 feet 
apart, through the lekes on each side of the main channel, 
thereby leading to the reclamation of 12,000 acres of land. 
To provide for the drainage of the land, the Canal Company 
aro bound to maintain the surface of tho water in the canal 
1 foot 6 inches below the average high-water lovel. For this 
purpose large pumps, worked by engines of 180 horse-power, 
and_capable of discharging 2,700 tons of water per minute, 
are used. A sufficient barrier is provided against the sea at 
each end; the sea level at high water being occasionally 
savoral foot above the level of the canal. The entranco- 
locks at each ond of the eanal are for the purpose of locking 
downwards, not upwards. Thoy havo throe passages for 
vessels, of which the central passago is 60 fect wide and 
800 feet long, and is furnished with two pairs of gates at each 
end, pointing in opposite directions, and one pair at the 
centre. The gates pointing seawards are of cast-iron, the 
others, pointing inwards, are of wood. 

There is but one ship-canal—the Suez Canal—free from 
Jocks, and communicating freely with the sea at each end, 
connecting the Mediterranoan Soa with the Red Sea, It isa 
short cut, 88 miles long, by moans of which the communica- 
tion between Western Enrope and India has been reduced in 
Jongth from 11,879 miles, by tho Capo of Good Hope, to 
7,628 miles. Of the whole length, 88 miles, 66 miles are 
netual canal formed by cuttings, 14 miles have been made by 
dredging through the lakes, and 8 miles did not require any 
works, us the natural depth was equal to that of the eanal, 
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‘The channel was oxeavated partly by dredging, and partly 
by bund labour, the stuff being deposited 

on each side to form banks. The canal, 

shown in soction, Fig. 121, is 72 fect 

wide, bounded by slopes of 2} to 1, then. 

& berme of 50 foot on each side, and slopes 

of $ to 1 and 5 tol, 80 a8 to form a flat” 


anal is capable of receiving vessels 
feot 

25 foot 
at one time noted for its oxtrome salt- 
iv gradually losing this character- 
no doubt because the salt deposits 


pond itvolf without injury to the banks. 


The 
400 
088, 
intie, 


quietly along, at the regulation speed of 
580 knots an hour, all at onee ono per- 
ceives whirlwind after whirlwind, in quick 
Succession, sweeping over the desert, their 
Presence indicated by a column of sand 
Fising far into the air and darkening tho 
sky. Occasionally one of these sand- 
‘storms eronses the canal and discharges 
clouds of dust into it, coating the pass- 
ing voesel with sand more than an inch 
thick. By tho work of drodging the canal is novertholors 
kept clear. ‘Tho canal was opencd in the end of 1869, ‘Tho 
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deop channel through the lake is marked by iron boacons on 
ench sido, 250 feet apart. ‘There are passing placow at 
intervals of 5 or 6 miles, to admit of large vessels moor- 
ing for tho night, or to bring up in order to allow others to 
pass. Ab onch passing place n telegraph station is erocted, 
with an officer to regulate the movements of vessels. In 
tho southern portion of the canal, between Suoz and tho 
Groat Bitter Lako, the tidal influence from the Red 
Sea is felt, as there is a regular flow and ebb. Tho riso 
at spring tides is between 6 and 6 feet at Suez, and about 
2 feet about six miles inland ; at the Small Bitter Lake, a fow 
inches only. It is stated that, in the execution of the works of 
tho canal, there have been excavated about 80,000,000 cabic 
yards of material. Atone time nearly 80,000 labourers were 
atwork, A supply of frosh water was brought from Cairo for 
thoir uso, by a frosh-water canal, vid Zagazig, Tho terminal 
harbour in the Moditerrancan Sea, at Port Said, is formed by 
two breakwaters constracted of conorote blocks, and enclosing 
an area of about 450 acres. ‘he entranco at Suez is also 
protected by a breakwater. In connection with the harbour 
thore are two largo basins and a dry dock, The total costof 
the works of the Suez Canal amounted to about £20,000,000 
storling,] 





CHAPTER XIV. 


RIVERS. 


Tirvers prosont, in the whole of their courso, from tho point 
whero they riso to that at which thoy fall into the sea or 
into some othor river, the following circumstances :—their 
width incroasos as they advance, and their longitudinal 
seetion, excepting in somo oxtraordinary cases, consista of 


concave curve", both at the bottom of tho beds and at the 
surface lino, although these eurves aro not necessarily con- 
centric or parallel to one another. Tho coursos of all rivers 
are so devious that it is an invariable rule that their length, 
moensured upon their longitudinal profile, is greater than the 
rectilinear distance between their extremities. If the river 
fall into a vea, or another river, whose levels are exposed to 
variations, whether periodic or not, the transverse and longi- 
tudinal scctions of the one thus falling in are exposed to 
variationn beyond tho influence of their own waters, Should 
the variations of tho reeciving channels be subject to tidal 
action, the subsidiary rivers will follow tho usual laws; the 
neaps and the springs, the obbs and the floods, will act upon 
them in an analogous manner, but in a differont degreo, to 
what they do on the sea. 

‘The manner in which rivers fill up, or raise, their beds, is 
& subject involved in some obscurity, or at least it depends 
yon canes which aro often purely local. In many rivers 
the tendency of the water is rather to lower the bel, exye- 

etally when it rans upon hard rocks, than to deposi Yo 
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detritus brought down from tho uppor districts; and this 
tendency to deepen the beds is principally confined to tho 
upper and more rapid portions of the course. ‘The detritus 
in these portions is deposited in the various small branches, 
or bays, or, in fact, in any positions where a sudden change 
takes place in the rate of flow; and, when this law is skil- 
faliy applied by the engineer, it may be made to co-operate 
‘vory cflicaciously in the improvement of tho course of tho 
stroam. But in the lower portions of the rivor, whore tho 
doscending velocity of the water is destroyed by the mooting 
with the sea, the sand and mud are deposited gradually all 
over the surface of the bed, giving rise to the deltas which 
aro so characteristic of tho mouths of rivers, particularly in 
tideless seas, such ns the Mediterranean and the Gulf of 
Mexico. 

Aceoriing to tho natural laws of gravity the velocity of 
tho waters in a river would continually increase, agreeably 
to the rates of inclination of ite bod, did not the friction 
upon the sides and the bed increase at the same time with 
the velocity, and in a much greater proportion. ‘The friction 
alio modifios the rate of flow of the soveral separate portions 
of the transverse section, causing it to be greater in propor- 
tion to the depth or yolumo over any particular part of the 
contour, bere is, in almost all rivers, a zono where the 
depth is greater than in the othor parts, and whore, con- 
soquently, the velocity is greatest ; this zono is eallod tho 
“thalweg" by foreign engineers, and forms usually the | 
navigable channel. Beyond it there aro froquently other |, 
zones of still water, and in some cases these are charnctorized | 
by currents flowing in an opposite direction to that of the 
main stream, In the thalwog itself, also, the velocity is not f) 
the samo at tho bottom that it is at the surface, where in J) 
rivors of ordinary depths it is at tho maximum,  Itdscmsual fy 
to considor the mean velocity to be about four-fifths of thet 4 
the maximam, 


ber 
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‘The following table ix extracted from the “ Cours do Con- 
struction,” by Sganzin ; it shows the velocity of some of the 
most important rivers, principally in western Europe. 
Sap gage esac fair +s per aecond 

‘Thames at London, flood tide 
Velocity of tho ‘Titer at Remo, low water 


” Danube at Eberedort i 


ae a 


1 
Thine varies from 3 ft. 2 in. to about 1 
s torrent produced by tho molting of anow hy 
the sudden action of a volcano os oe pew second 25 7 


From the cirenmstances connceted with the origin and 


subsoquent flow of rivers, it follows that their volumes aro 
éxposed to considerable variations. ‘Thus, the molting of a 
fall of snow, or a sudden storm, may cause the waters to 
fine in a very anomalous mannor, producing in those parts of 
the course which are beyond the influence of tidal action 
ferious modifications in the velocity and depth of the water, 
as well ag in the cross section. It becomes important, there- 
fore, before commencing any works for the improvement of 
ativer, to ascertain the precise range of its variations of 
volume, and the numerous causes which may affect, not only 
the district drained by the principal stream, but also those of 
ftw affluonts. Indeod, when rivers aro of great longth it fre- 
quently bappons that the floods of the various subsidiary 
bydrogeaphical basins oceur at vory distant epochs, and intro- 
nce numerons causes of irrogularity in the flow. As, for 
Tnstance, in tho case of tho Mississippi, the fresheta from 
the upper valleys of the Mississippi and Missouri come down 
at different periods from those of the Obio and Tennessee 
valloys, and, generally speaking, at a later period of tho yoar. 
Tt is observed that the floods of the Ohio, under these cir- 
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cumstances, canse the waters of the Mississippi to be, ns it 
wore, penned back for a considerable distance ; and equally 
the floods of the Mississippi occasionally pen back the waters 
of the Ohio for many leagues. The samo remark will apply 
to most great rivers ; but in our own country the extent of 
the hydrographical basins is not sufficiently great to allow of 
much irregularity of this description; and we may consider 
with tolerable safety that our rivers, above the influence of 
tho tides, are at the lowest in the months of Juno, July, 
August, and September, and that the floods occur in the 
months of December, January, February, and March, 

Under ordinary circumstances we find that tho banks ofa 
river resist less than the bottom, and that the width propor 
tionally is greater than the depth. ‘The tendency of tho 
constituent particles of the banks to fall down by tho offect 
of gravity adds to this excess of the one dimension over the 
othor; and as tho larger and more solid matorinls thus 
carried down from the sides remain at tho bottom, they also 
serve to augment its stability by their groater resistanec. Tn 
long level plains tho velocity of the stream necessarily dimi- 
nishos, and any accidental obstacle acquires increased power 
to doflect it from its natural course, which would be upon tha 
line of greatest longitudinal fall. Should the bank bo of » 7 
harder and more resisting nature on one side than tho other, 
or should any natural or artificial projection oxist, the stream 
will turn towards the other sido; and its bod may thus be: 
come sinuous, and present such an increase of length ns 
materially to retard the flow of its waters. In winter, it is 
also to bo observed that, if the upper surface be frozen over, 
the whole of the abrasive action of the stream is exercised 
upon the bottom, which it will deopen so long as the water 
thus flows, ns it wero, in a pipe. 

It follows from what has been said above, in this and the 
preceding chapter, that tho works required for the improve 
mont of the chaunel of 4 river may be directed ¢ither to 

a 
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regulsuiso its fow in such « manner as to rotain a sufficient 
depth of wator for the purposes of navigation or of adapta 
tion to manufacturing or irrigation uses ; or simply to defend 
the surrounding country from tho ravages of inandations, 
whether they be caused by floods from the upper districts or 
by the tides. 

‘The first inquiries o be mado in cither case must bo directed 
fo ascertain all the variable conditions of the flow and 
volume of the river, the nature of its bed, and both its plan 
and section. As far as regards the adaptation of any stream 
{o manufacturing and irrigation uses, the principal point to 
‘be decided will always bo tho height to which tho water may 
te penned back, because evidently upon this, to a groat ex- 
font, will depend the power it can produce and the surface it 
fan irrigate. But with respect to its adaptation to the pur- 
poses of navigation, the questions of detail become more com- 


flieated. It frequently happens that the transports only 
teqnire to be effected in one direction, und that they can 
saly be effected under certain conditions of velocity and depth, 
‘The width to bo given to the now navigable channel may also 


of about 8 feet, a river becomes navigable for 
the rate of fail in the longitudinal dircetion ex- 


8 inclination of from 7 to 8 in 10,000, as quoted above, 
and by tho aid of a class of steamers constructed especially 
for that river, with some peculiar armngoments of thoir 
mackhinory, the ascending navigation ix carried on with 
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of numerous animals, In England they aro hardly ever 
employed by other than the Royal Engineers; and it is in 
Holland only that they are habitually omployed in the forma- 
tion of longitudinal submersible dykes for the regulation of 
the channels of rivers. Whatever description of material bo 
sdopted, the most important point to be observed is, that the 
worlt for the defence of a bank should be executed with the 
greatest rapidity, and before the corrosions ean attain any 
dangerous oxtent, which might allow the formation of any 
secondary branches, or any permanent alteration in tho 
rigime of tho rivor. 

In oll works intendod to improve the navigubility of a 
river, extremo caro is required in attempting to alter its 
natural conditions, whether of width or of depth, because 
the results of sny interferenes with them are always very 
uncertain. It is preferable at all times to maintain the 
fiver within tho limits nature appears to have traced for 
it under its normal flow, rather than to endcavour to intro- 
duce great modifications, even though they may appear 
highly dosirable, Thus, in soveral instances, whon it has 
been attempted to shorten the course of rivors by diverting 
them into now and straighter bods, the wator bas eventually 
formed for itself a course of precisely the same character ag 
the original one. This is particularly true with rivera that 
fun upon a sandy bed, when they follow a sinuous line, and 
it is attempted to shorten the distance between any of tho 

beds ; for the slightest inequality in tho resistanco 

Of either the bed or of tho banks will give riso to currents 
gach as are able to overthrow the new works. It may bo 
faid down oz law, that tho straightening of the bed of a 
fiver is only to be effected to a limited extent, ono which 
Will dopend upon the nature of the materials over which it 

Hows and the volume of water it carries. 
Tt may be possible to improvo the navigability of a river 
wither by dredging or by the closing up of the serontary 
x2 
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sensible depression of the water lino cithor in the parent 
stream or inthe branches. It may bo interesting to observa 
boro that it hos boon observed also in America, that tho 
width of tho Mississippi after the junction with the Obio is 
oven less than that of tho former river abovo tho point of 
junction. 

A cursory examination of a map will show that tho law 
which appears to regulate tho formation of the deltas or 
alluvial deposits at the month of all great rivers is, that these 
divide into a series of subsidiary branches before falling into 
the sen, and that they almost always project beyond the line 
of the sea-shore, forming, as it were, projecting promontories 
of a rounded outline connected with the original line of 
coast: the Volga, Danube, Rhino, Rhone, Po, Nile, and the 

i, Gangos, Irrawaddy, &c., may be mentioned as 
Glustrations. The lands around theso doltas aro flat and 
marshy, and consist of sand and mud; the channels wind- 
ing through them are shallow, and exposed to change in 
their direction and volume without any apparent cause, 
‘The rate of doposition doponds upon circumstances equally 
preted ordinary calculation, and varies in overy particular 


ee formation of these deltas arises from the deposition of 
the matters brought down from the upper portions of the 
river courses, caused by the difference in the specific gravi- 
ties of the fresh and salt waters, and the annihilation of the 
onward movement of the former by the tides or the littoral 
eurronts of the latter. The tendancy to the doposition of 
allnvions is alzo increased by the diminished inclination and 
velocity of tho rivers near their mouths, and in some cases 
this diminution is sufliciont to cause tho rivers to overflow 
the lands above tho delta itself, so as to render it difficult to 
ascertain its preciso limits, The formntion of the sub+ 
fidiary branches noticed in tho deltas is to be attributed to 
tbo reflux of the waters in the main channel, and they are 
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tho most numorous in the doltas which advance with the 
greatest rapidity and occupy the greatest areas. But if the 
littoral current ran with great velocity and transport any 
alluvions, it will give rise to bars at the month of the 
branches ; if it be free from alluvions, it will disperse the 
materials it may detach from the extremities of the deposit, 
or, deflecting the line of outflow of the river, it will give rive 
to a delin following the direction of tho resultant of the two 
forcos. Occasionally also the tidal waves will give riso 
to a bar across the mouths of the branches at the points 
where they begin to noutralise the outward flow of the soft 
water. 

The majority of the English rivers fall into the sea at the 
bottom of large open bays, and in those cases the deposition 
of tho frosh and salt water alluvions takes placo in the form 
of banks or shoals in those portions of the bay whero the 
respective eurrents of the sea and of the river meet. These 
shoals vary constantly in their outline and position in suck 
rivors as tho Thamos and tho Sovern, and in the Seine, 
Loire, and Garonne in France; and form very serions im- 
podiments to the navigation, In many other eases, as in 
the rivers upon the Suffolk and Norfolk coast, and upon the 
southern shores of England, the doposits take placo scross 
the mouths of tho rivers, according to the law noticed in tho 
last paragraph. But it is to be obsorved that, although these 
bars diminish the depth of water immediately ovar them, the 
river above may often retain a very considerable dopth; 
indood the effect of the bar is often procisely analogous to 
that ofa dam. Thus, the Rhone has rarely a depth of more 
than 6 foot 6 inchos in the passes of its delta, whilst at Arles 
tho dopth is not less than 43 foot. At the mouth of the Po 
di Volano the pass has only a depth of 2 fect 6 inches, whilst 
about seven miles further up the dopth is not less than 10 
foot ; and the same fact bas been observed at the mouths of 
*pMiile and of the Mississippi, but to o far groater oxtent. 
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At tho junetion of stroams in the interior, the same pho- 
nomena may be observed to take placo as those which havo 
been alfeady noticod as occurring on the sen-shore, although 
of course upon a very diminutive scale, Should one of tho 
confluents bring down much alluvial matter, and flow with 
considerable velocity into a stream of a different character, 
the deposit may take place cithor in the fan-like shape of a 
delta or aa a bar; and in the formor case it is possible that 
the strenm may divide into a number of branches, whilst in 
the Intter tho rolative depths of water over the bar and 
shove it may present all tho essential conditions of those 
connected with rivers discharging into the sea, But the 
absence of the tidal action gives a greater fixedness and sim- 
plicity of charactor to the manner in which these deposita 
‘are effected, and consequently allow of their being treated 
with groater comparntive facility, whenever it is desired to 
improve the navigation of a river previously obstructed by 
thom. Boat it must always bo borno in mind, whether it be 
‘& question of combating the natural operations of the laws 
affecting tho flow of large or of small streams, whether 
ttrictly inland or in estuaries, that unless some other natural 
Jaw of the same class be mado to counteract the particular 
one producing the state it is desired to remedy, all enygineer- 
ing contrivances or mechanical operations will cither be vain, 
or at most produce but a temporary effect. Nature must, in 
fact, bo mae to correet itself. 

Tf, thoreforo, it be desired to obviate the inconvenience 
arising from the deposition of the alluvial matter across the 
embouchure of an afluont into a greator stroam, and this 
eposition be found to be caneed by the annihilation of tho 
velocity of tho affluent, in consequence of the greater velocity 
Of tho main stream, tho only effeetunl mode of proceeding 
would bo, to incroase the velocity of the aflluent by diminish- 
ing its bed; or perkaps, if it follow a devious course, by 
inerénsing the fall by means of a new aud shorter channol, 

xo 
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the Clyde and the Doe and the Ribble bayo consisted in tho 
erection of longitudinal dykes parallel to tho axis of tho 
river, rotaining the stroam within a narrow channel during 


high water varying from 1 foot 8 inches at Ted- 
dington to nenrly 7 fect at Blackfriars Bridgo. In the 
concentration of tho tidal action, by means of tho 

lately formed between Candebee, Villequior, 


feot, partially destroyed the bore, and increased the dara- 
‘the flood tide ono hour. Nor doos there appear to 
reason why theso results, so advantageous to the 
interests of commerce, shonld not bo further developed, if 


ditions of discharge should replace those undor which tho 
waters over the low lands escapod, tho silt brought into the 
mouth of the harbour by the littoral current has considorably 
diminished the depth in the entrance, Dredging and sluicing 
lave been resorted to in vain, although conducted with all 
the practical skill and persevering energy of the Dutch and 
Belgian ongineors. For, however powerful the effects of 
slaiooe may be, they aro far inferior to those of the wtetua\s 











Jam was strong enough to withs 
forco of a flood going 8 fect deop 0 
Tho dams or weirs constructed 
the Severn, Fig. 126, were mado 
masonry. Ho decided to make th: 
to threo times tho width of tho 
placing them at right angles, as in 

obliquely, as shown in Fig. 128.] 


CHAPTER XY. 
BRIDGES,—PRINCIPLES OF THE ARCH. 


‘© shall commence with the simplest case, that of two 
ams, An and ao, Fig. 129, resting against onch other at 
, and against two walls at their lower, 
d sustaining a weight suspended from a; and wo shall 
0 to examine the strains, both on the beams and on 
@ walls, occasioned by this weight. Let the weight sus- 
d from a be represented 
the lino an; draw px paral 
fo ac, and pr parallel to an, 
Bo and ru perpendicular 
Ap; then, by the principle of 
¢ parallelogram of pressures, 
strain on an in the direction Par 
its length is represented by 
5, and that on ac by ar, Now, each of these strains may be 
olved into two others, one acting vertically upon the wall in 
direction of gravity, and the othor acting horizontally, and 
nding to push the two walls asunder. Thus sx may be 
d into tho strain Ac acting vertically, and xo hori- 
; and AF into the strain Aw acting vertically, and my 
tally. Now, the two triangles axa and px being 


the similar sides xp and Ao are equal; and therefore 
two vertical strains 4 and ax are together equal to 4p, 
the weight snspended from 4; that is, the whole weight 
tne by both walls is equal to that suspended from 43 Ww 





Let Fig. 180 represent a syste 
four beams, united togother in s 
polygon, and so connceted at the 
to admit of motion about those px 





Fig. 190, 


not rigidly fixed in the position sl 
are free to assume any other form 
applied to them might tend to p 


annnass —-! 
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| pad, xxen, and yas. Then the lines pr and x x will 
reprosont the two strains acting in opposite directions upon 
tho beam px, and x1 and ya will, in like mannor, roprosont 
the two strains acting similarly upon xr. Now, since the 
‘whole system is in equilibrium, and all its parts froo to move, 
it follows that each of its several parts, and therefore the 
beams pz and er, must also bo in equilibrium; such being 
the case, it results that the strain represented by p1 must be 
equal to that represented by «x, otherwise the beam px 
would move in the direction of the greater strain, and, in 
like mannor, tho strain xx must bo equal tora, Now, lob 
each of these strains bo resolved into two others, acting 
vertically and horizontally; then will the latter be repre- 
sented by the lines o1, rx, qt, nor, andsx. Now, since 
DI, #x, and ¢xaro all oqual, and tho triangles pro, rx Pr, 
and ¢x gare similar, the lines o1, px, and qt, and therefore 
the straing which thoy represent, must all be equal. Again, 
since’ 1, ys, and fx aro all cqual, and the triangles ex 9, 
yun, and fxs aro similar, tho lines qu, 2a, and sx, and 
therefore tho strains which thoy represent, must all be equal. 
That is, in a system of polygonal framing, whose seweral parts 
are in equilibrium, the horizontal strain or thrust at all the 
joints is the came, 

Lat us now draw through 1 the line rr parallel to xP, and 
the line xv parallel to vc; then, since o1 is equal to qt, and 
(zx boing parallel to xx) tho angle x1. similar to Tr0, it 
follows that r1 must be equal tox, In like mannor, 
being equal to o1, and tho angle rws similar to vro, ut 
ust be ogual to yx. Since, then, tho lines xt and rx 
toprokent the strains on the beams 2¥ and ra, s0 do also tho 
fines rx and ur; therefore in a system of polygonal framing 
Whose several parts are in oquilibrium, the strains on the 
seorral beams, in tho direction of thoir lengths, are representet 
by Lines drain through a given point parallel to those directions, 

awit limited by a given vertical line, 
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Equinmmum or Ancies. 
‘The foregoing principles contain all that is nocessary to 
the determination of the equilibrium of arches. An arch 
be defined to be an assemblage of wedge-formed bodies, 
first and last of which are sustained by a support or 
i while the intermediate onos derive support and are 
pod in their positions by their mutual pressure, and by 
adhosion cf coment interposed between their surfaces, 
Pho wedge-formed bodies a,n, &o., Fig. 192, thus sustained, 
fre termed tonsirs, the centre one p, or that in tho highest 
or crown of the arch, being called the key-stone; the 
; wurfaco of the arch Fo is called its intrados, or 
fometimes its soffit, but 
this latter term is some- 


trades. Tho points x and o, where the intrados meets tho 

abutment, aro called the springings, their horizontal distance 
(Bo the span, and the distance rx the rise of the arch. 

‘Tat 4, 5, c, &o., Fig. 188, bo tho soparate stones or 

of an arch whose soveral parts aro in equilibrium, 

stone is acted upon by three forces, namely, the 


es acting in directions perpendicular to their surfacos of 
contact; then, since these forces must all be in equi- 
to radias, then will the strain upon any tar of the polygon, in 


the polygon will be 
gle SP he tro bets meting vt ha! flat mako with the 
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um, draw the horizontal line rs parallel to the tangent 
to the arch at the crown 2, and through » draw the line rq 
parallel to xo the tangent to the arch at any pointn; then 
the vertical depth xa at the crown is to tho vertical depth 
®t abany point 1, a8 the cube of the line vs, divided by the 
radius of tho arch ut +, is to tho cubo of the line rg divided 
|by tho radius of the arch at 1. 

‘These conditions aro fulfilled in a cireular arch, by making 
the vertical depth po, Fig. 184, at any 
point ©, equal to the depth of tho key- 
stono An, multiplied by the cubo of tho 
radius 4x, and divided by the cube of the 
Vertical height cu of the point c above the = = 
Wiameter r¢. In an cllipso they are fulfilled when the 
(asleep ade 
tho dopth of tho key-stone 4.2, multi- 
pliod by the cube of ax, half tho _ 7 
shortost axis of tho ellipse, and divided 
by the enbo of tho vortionl height om 
of the point « above tho longor axis ae ge 
¥0 of the ollipse. J 
+ Whe extrados of a circular arch, whose parts are all in 
equilitrinm, may also be dotermined geometrically in the 
following mannor:—Lot ncn, Fig. 1850, bo 
half a semicireular arch, whose contre is a, * 
| and na tho dopth of its koy-stono; thon 
fo tho vertical line am tako tho point r, 
fch that the distance pr is equal toan, 4 

| etsaheetoginpemeierahs 
ee ra tn ea 2 witout 
eed through 3, the point in which it cuts ro, draw 


2 


‘perpendicular to an; then make ax equal to x x, nnd 
the point x. will be a point in the oxtrados of tho arch, nny 
eee oF potas in whieh may be determined in a similar 
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of an arch from this eanse. The second mode of 
which is also the most usual, takes place whepover 
eee ronan ww ar trees te pasion of 
to pass ontiroly out of the substance of the 

not to cut the joints at all. ‘The more the 

pressure devintes from the centre of the joints, 

Jess will be the stability of the arch; but s0 long 

| as itcontinnos to eut the joints no motion can take place; 
the moment, howover, that it passes withont the joint, 
motion will take place, the two voussoirs will turn upon their 
edges nearost to tho line of prossuro, and the arch will fall. 
‘Thus, in Fig. 186, if, by placing too great a load upon tho 
crown of the archi, we alter the form of the line of pressuro 
until it rises above the oxtrados at 8, and falls within the 
intrados at the points. and 0, tho arch will soparato at the 


their outer odges at », the arch sink- 

ing at the crown and rising at tho |/ 

baunchos. If, however, thera bo a Fig, 136, 
dofisioney of weight at the crown, then the line of pressure 
will fall within tho intrados at », Fig. 137, and rise above the 
oxtrados at 4 and o, the arch scparating as in tho former 
| case, but now turning about the 

outer edges at a and c, and about 


* We see, then, that whon wo deviate — 
to far from tho areh of equilibriam ee 
a8 fo causo tho lino of pressure to approach either the 
| inteados or oxtrados of tho nreh, wo begin to endanger its 
stability, actual contact with cither being the ultimate limit ; 
‘and the stability of the arch being greater, as we mako the 
dive of pressure approach nearor to the centro of the joints. 
L 














CHAPTER XVI. 


BRIDGES.—SELECTION OF SITE, AND DETERMINATION 
OF THE KIND OF BRIDGE. 


A crear varioty of circumstances require to be considerod in 
dotermining tho best position, proportions, and materials of 
which to construet a bridge for any particular situation. 
‘The most general and important object to be attained is the 
establishment of a convenient and permanent means of com- 
munication between the two opposite shores, with as slight 


au interference with the froo navigation through the bridge 
‘as possible; and tho attainmont of this object is, in many 
situations, attended with considerable difficulty, inasmuch as 
tho conditions requisite for the preservation of the navigation 
fro incompatible with those required for the formation of a 
convenient road. For oxamplo, in the caso of a river with 
ow banks and much frequented by shipping, the construc- 
tion of a bridge which would at the same time afford an 
tninterrupted passage for vessels under it, and a convenient 
moans of transit for vehicles over it, would be almost impos- 
sible ; because, were the arches of the bridge made of suffi- 
cient height to allow vessels freely to pass through them, the 
level of tho roadway would be so much elevated above that 
of tho adjoining banks as to require either a very steop 
spproach from both sides, or long and expensive embank- 
ments; and if, on the other hand, the level of the roadway 
‘were s0 low as to remove these objections, the passage of 
vessels with masts would be stopped, and the navigation 
_ materially interfared with. 
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tendency to be carried against the piers. For the samo 
roasons, the bridge, if possible, should cross the river at 
right anglos to the course of the stream, and, if this be pre- 
vented by circumstances, the piers must still be placod 
parallel to the stream, and making an angle with the diree- 
tion of the bridge. An arch so constructed is termed a alow 
areb, nnd the angle formed by the sides of the piers and a 
lino perpendicular to the direction of the bridge is termed 
tho angle of skew, and should not excced soventy degroos, 
Not only must tho engineer, howover, be careful to con- 
struct bis piers in such a mannor as not to alter the direetion 
of the atream, ho must also soe that its velocity is not mate- 
rinlly increased, which, if the bod of the river is of a soft or 
loose nature, would cause it to be rapidly scoured away, 
and, by undermining the foundations of the bridge, in time 
ondanger its stability. The following table, taken from the 
Edinburgh Eneyclopadia, exhibits tho velocity of strenm, 
which, under ordinary circumstances, the various descrip- 
tions of soil enumerated are capable of resisting, 


Collected ped! 
piletel Ree, ee 
‘Hantened rocks. 


It should, however, be observed, that the scouring inila- 
once of rivers depends not only on tho relocity with whieh 
they move, but also upon the depth or weight of water resting 
apon their bed. The reason of this wilh ve rendihy aniler- 
stood if we consider that tho water nets wyon Une waketals 
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composing the bed of the river by its friction very much in 
tho samo manner as a solid body would; and it thoroforo 
follows that the more heavily the water is pressod against 
tho ground, the greater will be its friction, and the moro 
powerful its scouring agency; in nddition to which, when 
the depth is considerable, the increased prossuro of the 
water causes it the more readily to insinuate itself into tho 
| interstices of the strata, which it thus loosens and assists in 
breaking up. It is, bowover, only in the first act of broak- 
ing up the bed of the river that an increase of the depth of 
water inflaencos and increases its scouring offect; the power 
of the water to carry or roll onward the matters which it 
bas torn up depends only upon its velocity, always suppos- 
ing that tho quantity of the water is such, that its momentum 
is not influenced by tho resistance of those matters, and that 
the depths are within such limits that the spocific gravity of 
the water is not materially increasod by compression. 

‘Tho most important point claiming the attention of the 
engineer, as far as the stability of the bridgo is concernod, is 
to obtain a secure and unyielding foundation for the piers 
and abutments, such as will safely support the superincum- 
bent weight of the bridge and its load, and is not likely to be 
affected or disturbed by changes in the bed of the river, or 
other cireumstances. 

Tt may here be generally observed, that while bridges of 
masonry are best adapted for the support nnd conveyance 
of heavy and continuons traffic, such nx that passing daily 
over London Bridgo, thoy offer grontor obstruction both to 
tho stream and navigation than cithor iron or suspension 
bridges, on account of the comparatice smallnoss in the span 
of their archos, and the piers occupying a space varying, in 
tho oxamples which we have given in the tables following,* 
from ,2,th or ~yths of the span, as in tho bridge of the 
Holy Trinity at Florence, to »/y.th or ytyths, as ir the Neuilly 

* See Tables, pp. 290, 247, and 266, 
“ug 
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are certain situations in which undoubted preference should 
be given to bridges of masonry. Such are those in which 
the traffic is continuous and heavy, or the site much exposed 
to hurricanes and tempests; in either of which case a suspen- 
sion bridge would not be advisable, as would not an iron 
bridge in the former. 


CHAPTER XVI. 
BRIDGES OF MASONRY. 


Havino alroady stated, at some length, tho principles upon 
which the equilibrium of arches of masonry depend, and 
given rules for finding the pressure upon the keystone by 
which its depth should be determined, and, that being fixed 
for so proportioning the depth of the other parts of the arch 
that the whole may be in equilibrium, it only remains hero 
to offer a few remarks upon tho practical use of these rales, 
By reference to tho table on page 219 it will be seen how 
widely the practico of éngineors differs with rogard to the 
load which thoy consider it safo to place upon an arch of 
masonry. Taking into consideration the materials of whieh 
it is composod, tho bridge which carries the Groat Wes- 
tern Railway across tho Thames, near Maidenboad, is cer- 
tainly the boldest which has ever been constructed, the 
netual pressure at the crown of the arch being abont one- 
third of that which would begin to injuro the cohesive 
strongth of tho matorial of which it is composed. And, 
although the construction of this bridge has shown that it is 
practicable to approach much closer to the load which would 
cause failure than had bofore bocn considered safe, it is 
questionable how far prudence would warrant such an ap- 
proach in ordinary casos, especially when wo consider how 
many accidental circumstances may deteriorate tho stability 
of the arch, to guard against which it seems dosirablo that a 
much wider margin should usually bo geen, wn Noah Sor 
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lcompresaion ; and these centres were not, therefore, 
the failing of too many others, that of change of 
the nnequally distributed load of the arch while 
‘of construction. The mannor in which tho centres 
was also peculiar, that of baving separated 
under each arch-stone, so that any portion of the 
be relieved from support, while the remainder 
ill borne by the centro; and thus the enginoor pos- 
the power of allowing those parts of tho arch to sottle 
be might think desirable. Whereas in the ordinary 
‘eentro it is usual to have the entire span of the arch 
| framing supported upon wedges at cach extromity, 
triking which the wholo of the contre would be lowered 
fnoously.* 
| method which wo have above described, of inserting 
bf load between tho joints of the voussoins, was adopted 
(bo same object in the construction of a bridge over 
Riparin, near Turin, In this instance the engineer 
hoted the centro with a groater riso than that which ho 
od the arch to have when completed, so as to allow for 
Uement: the span of the arch was 147-64 foot, and tho 
b or rise 18°04 feet, whilo that of the contres was mado 
to 18-9 or about 10 inches groator. ‘Tho arch-stones, 
‘were of granite, having boon accurately formod to the 
| wedge-form, were then pat in their places on the 
| fm sneh » manner that the joints near the haupchos 
(nade wider on the face of tho arch than at the back, 
tnldway being made parallel, and those near the crowa 
(at the back than on the faco of the arch, no mortar 
jent being placed between the stones, which wore kept 
| Proper distances apart by wedges of iron and Joad 
| in between them. When the whole arch had thas 
fea further deseription of this bridge, and plates showing the 
is constraction, the rexder is referred to tho Transaction 
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om the rib at the crown of the arch may be determined; it 
may, however, be dosirable to illustrate its practical applica- 
tion, for which purpose we havo selected Southwark Bridge. 
fn this case, the weight of half tho contre arch, with the 
madway, is about 1,520 tons, and tho horizontal distance of 
tho centre of gravity of the samo from the springing about 
56 foet,* and the versine or rise of the arch is 24 foot. Then 
we have from the rule, as 56 is to 24, so is the horizontal 
thrast to 1,520, which gives 8,647 tons for the horizontal 
thrust at the crown of the arch, or the strain tending to 
erash the cast-iron ribs. This strain may be supposed, 
without any sensible practical error, to be equally borne by 
all the ribs, of which there are eight; and the sectional 
aren of each being about 214 square inches, we have for tho 
compressive strain upon every square inch of tho ribs about 
4,650 Ibs., or only fpr of that which would be required to 
ernsh the material. { 

Tn the following table we have collected the principal 
@imensions of a few of the more important cast-iron bridges 
Gistance of thé centre of gravity of the wholo mass, from 
of tho arch, is found by multiplying tho weight 
soparate part by the distance of its centre of gravity 
springing, and dividing tho sum of the products thus 
for all the parts of the bridge by tho weight of the whole 


supposed by some that in Southwark and many. 

Little or no additional strength is derived from the 

of tho ribs, nnd that the real strain to which they are 

similar to that of a girder supported at cach ond and 

a distributed weight, there being scarcely any horionstal 

"That such is not, however, tho caso, is sufficiently evident by 

oopeing the weight which girders of the «me dimensions as the 

bridge, and in the circumstances supposod, would be able 

with the load which thoy notually sustain; for, by the 

‘at page 12, wo find that tho woight which would Sreak auch 

ald be 108 tons, or about 876 tons for the eight ribs of 

‘Bridgo, which i less thas a fourth of thet which they 
for many years, 
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CHAPTER XIX, 
WROUGHT-IRON BRIDGES. 


(Waovonr-iron arched bridges have been constructed on 
Tines of railway. Tho most recently erected bridge of this 
class, Fig. 147, is the railway bridge over the river Tyne, 
at Wylam, Northumberland, on the line of the Scotswood, 
Newburn, and Wylsm Railway. The bridge is constracted 
‘with two lines of rails. It is of one span of 240 fect—of 
the form of a‘ free arch,” with o suspended rondway, The 
‘arch is formed of three wrought-iron lattice ribs, springing 
from a level 19} feet below that of the rails, and having a 
elear rise of 48 foot, Tho platform is supported on 19 cross 
girdors dividing it into 20 bays of 12 foot ench ; most of the 
girdors aro suspendod from the arch. The roadway consists 
‘of four continuous plate girders of 250 feet each, one under 
tach rail, which rest on and aro riveted to the cross girders. 
‘The rails aro laid on longitudinal waybeams, resting on the 
top of the roadway girders, which are prolonged 25 feet 
beyond them, and aro bolted to cross sleepers where they 
clear the masonry. By this combination the platform ix 
steadiod, and any ondway movement other than that due 
to expansion is checked. The depth of the ribs is 10 feot 
at the heel and 7 feet at the contro. In cach rib the upper 
and the lower members, or booms, are what may be called 
semi-ccllulur, consisting of two sides and a horizontal plate, 
connected by anglo-irons at the corners, The sides of each . 
oom aro of channel iron, 9} inchos by 4 inches, te wos. 
ub 





bars aro attached to a pair 
of angleirons riveted to the 
lower booms of the ribs. 
‘They are, in section, 9 inches 
by 2 inch for tho contre rib; 
and 7} inches by yy inch for 
tho outer ribs. The founda- 
tions are laid on beds of 
coment concrete; they con- 
sist of a double course of 
ashlar covered by granite 
impost stones, having a bulk 
of GO cubic feet each. Tho 


weight of materials in the 
superstructure is as fol- 
lows :-— 


‘Cast Iron 
Wrooght Iron 


‘Timber (2,160 
‘euble feet) 
‘Total weight 
‘The cost of the bridge, in- 
cluding every ot 


Rothe 
st 
Ide we 
Abutments 6,500 16 6 
Superstructure 10,600 29 0 
‘Total cot «16,000 448 
‘The greatest deflection of 
the bridge, when tested, took 
place under the weight of 
hres locomotives andventkers, 
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weighing together 166 tons, on one line of rails—1-08 
inches at the outer rib, and 0:49 inch at the centre rib, 
‘There was no permanent set produced, though the maximum 
Joad placed on the bridge—one line of rails—amounted to 
833 tons, when the deflection of the outer rib was O'72inch, 
and that of the central rib 0:36 inch. When both lines 
were loaded, under a total of 883 tons, the deflection of the 
outer ribs was 0°96 inch, and that of the central rib, 
1-20 inch, The general results of the testing experiments 
were—a maximum deflection of yAry of the span under 
the moet unfavourable conditions of loading; no perceptible 
lateral vibration, either of the riba or of the platform, under 
@ heavy moving lond; a perfect recovery of form in tho 
ribs after « heavy ond, both stationary and passing, with no 
permanent sot; a very slight ‘ road-wave ” in front of an 
advancing train, baroly ¢ ineb. 
‘The loads adopted for the calculations were :— 


‘The only other bridge of this kind is the one erected by’ 
Mr. Lenther in 1883, for a carringe road over the river Aire, 
at Leeds, to a span of about 140 feet. The ribs of this bridgo 
are of cast iron, and they are not braced internally. But thoy 
support a suspended roadway.* 

© Ses Mr. W. G. Law's paper on tho “Railway Bridge over the 
river Tyno, at Wylam, Northumberland,” Proseedings of the Inati¢ution 

of Oeil Lagineers, vol. Ivi. page 282, 
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earry two lives of rails, and reats on cross lattice-girders fixed 
to the main girders. The top and bottom booms or tables of 
the main girders ara each formed of a pile of plates 8 feet in 
width, to a combined thickness of 24 inches above, affording 
& sectional area of 118} square inches at the middle of the 
girder, ani 34 feot by 2} inches thick below, with « sectional 
area of 127 square inches. In the central span the weight 
of wrought iron amonnts to 386 tons, and of cast iron to 
& tons, The maximum calculated stress doos not exceed 
6 tons per square inch for comprossion, and 44 tons per 
Square inch of nett section for tension. The maximum load 
on the bridge was taken as 2 tons per lineal foot.* 

‘The other lattice bridge is the railway bridge over the 
‘Thames at Charing Croxs, of which Sir John Hawkshaw 
was the engineer, This bridge comprises nine spans: 
six spans of 164 fect, and three spans of 100 feet. Its 
total length is 1,876 feet. It was constructed for four 
lines of rails, and is formed with a fan-like expansion at 
the Charing Cross end, where it terminates at the station. 
‘The width of the river at the bridge when it was constracted 
was 1,850 fect, The bridge was built on the site of the 
old Hungerford Suspension Bridge, the two brick piers of 
which bave been retained and utilised for the present bridge, 
‘The greatest depth of water between the two brick piers is 
13 feet below low-water spring tides, and the average depth 
is about 10 feet, The rise of spring tides is 17} feet. The 
level of the rails is $1 feet above Trinity high-water mark, 
and the clear minimum headway is 26 feet above the same 
level. 

The piers for the spans of 154 feet, other than the brick 
Piers, are cast-iron cylinders, 10 feet in diameter above 
ground, and expanded to a dinmeter of 14 feet in tho 
ground. Kuch pier consists of two such cylinders, Fig 149, 

* Ses Mr. J. Barton's paper on Wrought-iron Beams in the Pro- 
cnidiige of the Tnntitation of Civil Engineers, wl. ix, page Ab. 
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won, and to sink them to their final depth, averaged about 
150 tons, ‘Tho London clay at the baso of the cylinders was 
ofa bard charactor, of a dark-bluc colour; it extended toa 
depth far below the level at which the cylindors were 
founded. After tho cylinders had been sunk and tho mato- 
tial had been excavated, the widér base of tho cylinders was 
filled with concrete, and thence with brickwork to the under- 
side of the granite-bearing blocks or caps on the cylinders, 
‘The concrete was composed of Thamos gravel, or ballast, and 
Portland cement, in the proportion of 7 to 1. Tho brick- 
work is of best pavior bricks, set in Portland coment mortar, 
which is mixed in the proportion of 1 of cement to 24 of sand. 
Under a load of 700 tons, the cylinders thus filled sunk farther 
to a permanent depth of 4 inches. The granite bearing 
blocks are 2} feet thick, in two semicircular halves, to fill 
the cylinders, and standing 1 inch above the upper edges of 
the cylinders; so that the load may not bear directly upon 
the cylinders, but should be taken entirely by the filling. 
Each pair of cylinders forming a pier is connected trans- 
versely by a wrought-iron box girder, 4 feet deep. Four 
lines of wayaro carried on the bridge, and if they were loaded 
with locomotive engines, tho pressure on the base of the 
cylinders would amount to about 8 tons per square foot if 
no deduction be made for the frictional resistance of tho 
sides of the cylinders, or about 7 tons if such allowance bo 
made. 

In the superstructure of each opening of 154 foot span 
there are two main girders, which are supported on the piers, 
and are, like the cylinders, 49 feet 4 inches apart from centro 
to centre transversely, carrying between them four linos of 
mails. The way is supported on cross girders, which aro 
fixed to the main girder. These girders also overhang the 
main girders, to carry the footpath at each side, The 
mmin girders are of wrought iron, 14 fect deep, placed 
independently from pier to picr, Tho wpper ani lower 
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each eighth is subdivided by a shorter strat. A Fink bridge 
was erected in three spaces of 205 foot ench on the line of the 
Baltimore and Ohio Railroad, across the Monongahela River, 
‘The two trusses aro 16 feet apart from centre to contro for » 
single line, Tho tension-rods are attached to the main strats 
at points 22 foct 8 inches below the centre of the upper 
booms, or about }th of the span. The upper booms and tho 
central strat are of east iron, octagonal in section, hollow, 
and 12 inchos diameter across the sides; they are 10 inches 
in diameter externally, and present a sectional area of 
A square inches, The main tension-rods in each truss are 
each formed of six bars, 4} inches by 1} inches, making 
sectional area of 83} square inches, The other vertical strute 
are of octagonal cast iron, 8 inches in diameter externally and 
@ inebes internally. This bridge, for a single line, weighs, 
with permanent way included, only ¢ ton per lineal foot. 
* With an additional load of 1 ton per lineal foot, the tensile 
stross on the wrought-iron ties is calculated not to exceed 
615 tons per square inch, and the compressive stress on the 
cast-iron 4¢ tons. The way is carried near the level of 
the bottom of the truss on a timber platform, which is 
stoadied by distance-picces inserted between the lower 
ends of tho struts. ‘Tho cost of the Fink truss bridge, 
thus exceuted, was £14 per lineal foot, single line, 
againat from £510 £7 per lineal foot for trussed timber 
bridges. 


Ewrtorwent or Steen ror run Consrnvction ov 
Barmoxs. 

‘The use of steel presents advantages in comparison with 
fron for the construction of bridgos, combining lightness with 
strength, With the limiting stress, 64 tons per square inch 
of section, authorised by the Board of Trade, the material of 
a steel bridge may be 28 per cent. loss than that required tor 





OHAPTER XX. 
SUSPENSION BRIDGES, 


Equmisnwwa or Svsrexstox Barpors, 
Ts a suspension bridge, the roadway or platform is sua- 
pended from chains, the links of which are straight, by 
vertical rods attached to the joints, And as the chains are 
not rigid, but are capable of altering their form by motion 
about any of the joints, it follows that, in any position which _ 
the chain assumes, its several parts must be in equilibrium. 
Now a chain so circumstanced in no way differs from a 
“polygonal framing, such as is shown in Fig. 181, supposed to 
be inverted, excepting that tho strains upon the several bars 
or links, which in the latter woro thrusts tending to compress 
‘the bars, are now tensile strains tending to pull them asander; 
"and therefore all the properties of the one are common to the 
other, and the various relations which we have shown to 
"subsist betwoon the weights suspended from the angles, the 
Brains on the several bars or links, and the horizontal strain 
in the case of the polygonal framing, similarly subsist in that 
tho chains of a suspension bridge, Tho investigation, 
° , nocossary for deducing from theso relations rules 
determining the proportions of a suspension bridge, that 
several paris may be in equilibrium, involves the use of 
Opositions and terms in mathematics far too abstruse and 


‘ ficult to be admitted in this place; we must, therefore, 
Poentent ourselves with pointing out the circumstances uiler\- 





SUSPENSION BRIDGES, 261 


‘bridge is tho form of the curve ap & c which tho chains will 
assume, and upon which will depend all the principal dimon- 
sions of the bridge. The dimensions which aro reauisito for 





Fig. 100, 


determining this aro tho somi-span a x, the deflection x x, 
and the distance n 1, of the roadway below the lowest point 
of the chain, or the length of the shortest suspending rod ; 
these being known, any number of points in the curve may 
be determined by the following rule :—* 


‘Tux Roaway or A Susrewsion Brinor ners Homzowrar, 
to rixp tue Luxor or tHe Svavexoixc Rop p 6 AT ANY 
porxr p.—Sabtract the length of the shortest suspension rod 
5 n from the deflection x 5; multiply the remainder by the 
square of the horizontal distance » x of the point p from the 
lowest point » of the chain, and divide by the square of the 
semi-span Ax; to the quotient add the length of the shortest 
rod n x, and it will give the length of the suspending rod na. 

The curve formed by tho chain having been found, it only 
remains to determine the strains to which oach portion of it 
is exposed, in order that its area in evory part may be mado 

to the strain which that part has to sustain. In 

order to determine these, it is necessary to have, in addition 
© These rales aro deduced from tho formulw given by Profesor 
Moseley in his “Mechanical Principles of Engincering/” in which 
‘work he has given very able and complete investigation upon 
this didicalt wabject. In the above rulss the tensile strain required to 
break « square inch of wrought iron is taken xt 67,200 pounds, the 
weight of a tar a foot long and an inch square, ut 3°3 pounds, und the 
inna is anppowd to be loaded with only sixth of ike Wronking week. 
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to the dimensions above, the weight of a foot in length of the 
roadway or platform of the bridge, inelading the greatest lond 
which it is over possible that it will have to support. These 
being known, the following rules will give the dimensions of 
the chains. 


‘To mxp tax Sram ox tax Lowssr Port B oF Tim 
Cuarm, axp ita Sxcrroxan Anra.—Subtract the length of the 
shortest suspension rod » x from the deflection x 2; divide 
twico the remainder by the square of the semi-span a x, and 
from tho quotient subtract -0003; divide the weight ia 
pounds of a foot in length of the rosdway when loaded by 
this romainder, and the quotient will bo the strain in pounds 
upon the lowest point » of the chains; and if this strain be 
multiplied by ‘0000808 it will give the sectional area of the 
chains in square inches at tho samo point, 


To wixp tre Sram on rae Cats, axp atao irs SrorioNal 
Anva at Axx Poixt p.—Divide twice tho vertical height x” 
of tho point p above the lowest point » of the chain by the 
horizontal distance p x of p from s, and to the square of thi 
quotient ndd 1; the square root of this sum multiplied by 
the strain on the chain at » (as found by the rule above) 
will give the strain upon it at p; and this strain multiplied 
by ‘0000893 will give the sectional area of the chain at the 
same point in square inches. 

We shall illustrate tho use of these rules by an example, 
Let the semi-span be 200 foot, the deflection 40 feet, the 
length of the shortest suspending rod 2 fost, the weight of a 
foot in length of the roxdway when loaded 6,000 Ibs., and 
the horizontal distance p x of the point p from the centre of 
the chain 100 feet. 

‘Then, by the first rule given above, 2 subtracted from 40 
leaves $8, which multiplied by the square of 100 equals 
880,000, and this number divided by the eqnare ct 29 
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ives ax the quotient 94, to which, adding 2 fect, the sum 
11} feot is the length of the suspending rod po, 

By the second rule, 2 subtracted from 40 leaves 88, twico 
this number divided by the square of 200 equals -0019, 
from which, subtracting ‘0008, the remainder equals ‘0016 ; 
then 5000 divided by this number gives 3,125,000 Ibs. for 
the strain upon the lowest point = of the chain; and 


And by the third rale, twice 9:5 divided by 100 équate 
419, the square of which added to 1 equals 1-0261 ; then 
ho square root of 1:0261 equals 1-018, which multiplied by 
$125,000 givos 8,165,625 Ibs. for the strain upon tho 
dhsins at the point p; and 8,165,625 multiplied by 
000893 gives 288 square inches for the sectional area of 
‘he chnin at the point p. 

Tn the case of bridges of masonry and iron, both from the 

of the structures themselves as well as from the 
figid natare of the material, their forms are not liable to be 
itered or their equilibrium disturbed by external influences, 
mich as those arising from the wind or the transit of heavy 
loads. With suspension bridges, however, the circumstances 
are very different, and it has been found that they are mate- 
fally influenced by these external forcos, and in some casos 


ef this is to be found, not only in the extreme lightness of 
the superstracture of such bridges, in consoquence of which 
bat a vory slight force is required to put them in motion, 
but also from their poculiar suscoptibility to vibration, or 
(undulatory motion, arising from tho centre of gravity of tho 
ftrneture boing below instead of above the point of support, 
find from the chains being in a state of tension, somewhat 
fimilar to the strings of a musical instrument, so that the 
fmdden application of a considerable force to any part of tho 
thain, or the continued and regular impulse of evo » Sighs 
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No. 1, Usion Bridge. 


No. 2, Brighton Pier. 
hs wat 
No. 3, Tate of Bourbon, 


6, Conway Bridge. 


No. 7, Bridge of Vienna, 
atk = 
No. 8, Montrose Bridge. 
ts m7 
a a as 
No, 9, Pont dos Invalides, 
wa 


Flips. 152.—Saspension Bridgea—Sections of Chains, 
x2 
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against its use, and with some reason, that it is peculiarly 
liable to corrosion, the fabrication of the chain being favour- 
able to the ‘secretion and retention of moisture within the 
interstices between the wires by capillary attraction ; and 
the danger of the interior wires being by these means cor- 
roded, without tho possibility of its being detected by obser- 
vation, In the case of the Fribourg Bridge, this evil was 
qnarded against by immorsing cach wire, three several timos, 
for two hours, in a mixture of boiling linseed oil with a small 
quantity of litharge and soot; and the same composition was 
afterwards payed over the separate strands and the finished 
enbles, 

With regard to the arrangement of the chains, that adopted 
in the Menai and Conway Bridges, Nos. 6 and 6, namely, of 
Kaving four separate chains, and placing them vertically over 
each other, is not good, in consequence of the large surfice 
which they thus present to the wind, and, being separate, 
the slight forco required to throw them into motion. This 
disadvantage was very evident in tho case of the Menai 
Bridge during tho storm of January 7, 1839, when the 
Tateral motion of the chains was so considerable, that, 
althongh suspended at a distance of 12 feet apart (as shown 
in the section), they had, after the breaking of the transversa 
ties and tubos, boon thrown so violently against each other 
‘as to cause doop indentations in the iron and to break off the 
heads of tho bolts, tho shanks of which were 8 inches in 
diamoter, 

Th arranging the proportions to be given to tho several 
parts of a suspension bridge, the spans and deflections of the 
contiguous openings must be so adjusted, that the horizontal 
strains produced by the chains on each side of tho pior shall 
bo equal, and consequently balance ench othor ; for other- 
wise, unless the saddle to which the chains are connected 
were fixed, it would be drawn off the pier in the direction of 
the greater strain, and, if it wore fixed, the stability of Yoo 
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apart between centres, and the roadway is curved upward 
with a rise of 2 fect. Tho height of the roadway above 
high-water level is 248 foet. 

The chains are carried upon tho picrs by wrought-iron 
saddles, placed on roller frames of cast iron, the rollers being 
ofcast steel. The beds of the rollor frames are laid at an angle 
of 1 in 20, rising towards the river, At a distance of 196 
feet from the centres of the piers Jandwards, land saddles 
are placed, without rollers, bedded upon brickwork of Staf- 
fordshire blue bricks, in cement set upon the solid rock. At 
an additional distanco of 60 fect, at an inclination of 46°, 
the chains are carried to the anchorage. In this length they 
diverge to a distance of & foot apart, and they are inserted 
through the castings which form the anchorage plates—one 
plate to each chain. Each anchorage plate, 6 foot by 6 foot, 
is bedded upon a mass of brickwork set in coment, built in 
the form of an arch in plan, abutting upon the solid rock. 

‘Tho sectional area of the chains at the piors is 481 aquare 
inches, and at the contro of tho span 440 square inches, The 
‘weight of the chains between the piersis 554 tons. Tho stress 
on the chains at the centre of the bridge caused by tho weight 
of the chains themselves is nearly 680 tons. The weight of 
the suspension rods, longitudinal girders, transverse girders, 
cross-bracing, hand-railing, roadway, &c., is about 440 tons, 
causing a stress, approximately, of 507 tons at the centre of 
the chains, The maximum moving load, estimated at 70 Ibs. 
per square foot, amounts to 600 tons, which would cause a 
stress of 817 tons at the centre of the chain. 

The total maximum stress at the centre of the chain is, 
then, as follows :— 

Stresduotothechains . . . « . 630 
Ditto duc to the weight of the platform, roda,&c. 597 
Ditto duc to the maximum moving lad =. . 817 
Total maximum stress. 5 U6 
Distributed on x sectional area of 440 square indnes, Wo 





CHAPTER XXI. 
MOVABLE BRIDGES. 


(Mn. James Patog, in the paper already referred to, classified 
Movable Bridges into— 


. Bascules. 

. Swings. 

. Traversing. 

. Vertical Lifts. 
. Pontoons. 


ae epee 


From this paper the annexed Table of Movable Bridges 
is copied. 
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CHAPTER XXII. 
TUNNELS. 


Gexenat ARRANGEMENT. 


‘Tae importance of tannels as a means of communication is 
80 evidont as to require no insisting upon in this place. Tho 
attention of the engineer was early devoted to their constrac- 
tion, and thoy have afforded a ficld for the development of 
some of the greatont proofs of his skill. 

Before any decision can be arrived at by the engincer as 
to the course, levels, dimensions, and mode of construction 
to be adopted, careful surveys and examination of the strata 
geologically arc requisite, together with lovels or soundings 
from which a profile or soction of tho surface of the ground 
to be passed under may he made. ‘Tho geological character 
of the strata must be ascertained either by borings, by sinking 
trial shafts or pits on tho line of the intonded tunnel, or by a 
small driftway or heading nearly following its course. The 
trial shafts thos sunk serve afterwards as working shafts 
through which the earth from the tunnel can be raised 
daring its progress, and, by working cithor way from them, 
enabling the work to be carried on with great rapidity by 
breaking up the tunnel into short lengths, and, on the com- 
pletion of the work, affording the means of light and yentila- 
tion. The advantage of a driftway consists in the moro 
perfect drainago of the ground through whfch the tunnel is 
to be formed, and its insuring the certainty of the tunnel 
being formed correctly on the line intended. The vataxe ol 
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with the exception of being 6 inches greater in height, 








Joo 


Fig. 152 —Rediway Taxol, Watford, Lotoa and North Wentera Railway. 


The wholo of those scetions aro drawn fo a uniform veale of | 
12 feet to the inch, 








Mone oF coxsrrvetine Orprxany Turxets. 


Having determined upon the exact course of the tunnel, 
the next point is to arrange the position of the shafts, 
‘These are bost placed at equal distances, and their frequency 
should depend upon tho time in which it is’ necessary to 
complote the work. There is, however, a cortain distance 
in every case which will be more economical than any other, 
and this will be readily undorstood if wo bear in mind that 
the evst of tho tunnol itself per foot forward becomes greater 
as ite distance from tho working shaft increases, so that by 
lessening the distance betwoon tho shafts and increasing 
their number wo diminish the cost of tho tunnel itself; 
when, however, the shafts are placed too closo, their cost 
becomes greater than the saving upon the tunnel, and there 
will therefore, in every caso, be a certain distance, depending 
‘upon the relative cost of the tunnels and shafts, at which the 
expense of the whole work will be a minimum. 
There are two methods in ordinary use for sinking the 
: shafte: the first ean only be followed when the ground 
through which it has to be sunk is tolerably firm and free 
| trom water, and consists in making an open excavation of 
the form and dimensions of the shaft, including space for 
the internal lining of brick or other materials, and to such a 
depth as the nature of the ground may indicate to be safe. 
Ating or curd (as it is technically called) of timber is then 
lid on the bottom of the exeavation, previously levelled to 
teoive it. This curb is formed either of one thickness with 
| lappod joints, or in two thicknesses breaking joint (a8 shown 
ata a, Figs. 159 and 160) securely bolted together. The 
thickness of the curb should depend upon the dimensions of 
the shaft, boing in no caso less than 3 inchos intornal 
dikmetor should be the samo as that of tho shaft, and ils 
breath muy be mado groater, ag shown in the figuros, 60 as 
) % project into the ground and assist in supporting the stxuc- 
o 
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space or vacnity: indood it is impossible, in all operations 
in tunnels and other subterranean works, to pay too much 
attention to prevent the slightest vacuity between the work 
and the ground ; but, on the contrary, whenever the ground 
is at all loose or disposed to move, every inch of surface 
should be well supported, and not only supported, but well 
stratted against, so as fo maibtain an active pressure at all 
times agninst it. As soon ns tho brickwork forming tho 
ning has been carried up to the lovel of the ground, and 


Pig. 164,—Shatt of Tunnel. 


the earth securely rammed or punred in behind it, the oxea- 
vation for a second length may be proceeded with. This, 
however, must be done with caution, so as not to endanger 
the stability of the portion already built by undermining ite 
foundation. We must first carry down the excavation in 
the centre of the interior of the shaft, leaving aufficiont 
ground under the curb safely to support it; we may then 
cautiously romove the ground from under tho curb ak tout 
o2 
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bricks were arranged when working in 9-inch rings, and the 
right-band half when 4}-inch work was employod. Tho 
tunnel was built of the hardest picked stock bricks, laid in 
Homan cement of the beat quality, those portions of the 
work which were most exposed to the action of the water 
being laid in pure cement, and the other portions in half 
eoment and half pare sharp sand. The bricks for the semi- 
ciroular archos are made in a wedge form, 0 as to produce 
parallel joints. 

‘The section, Fig. 168, is taken in the centre of the tunnel, 
in the deepest part, showing the order and position of tho 
varions strata met with, as they would have been found if 
they had not been disturbed; from the constant runs of 
Toose sand and tho action of the water, expecially on the 

ide of the river, the strata, however, were 

consilerably dislocated and disturbed. In the 

f stratam of sand, gravel, mud, and river 

a bed of clay, of « reddish-brown colour; ¢, a 

stratum of elay mixed with silt; d, a thin layer of silt 

very fall of shells; ¢, a stratum of stiff blue clay; f, 0 

bed of clay of a more mottled character, containing a por- 

ion of silt and a number of shells; y, a stratum of indu- 

tated clay, which at times was so hard as to require wedges 

to break it up; 4, a bed of gravel and sand of a green 
eolours and #, n similar stratum, but somewhat coarser. 

‘The tunnel was commenced on the Rotherhithe side of the 
river in the yoar 1826, the shaft having been begun early in 
the previous year. The mode adopted in the sinking of the 
shaft was similar to that deseribed, the brickwork being 
Guilt upon a sharp-edged curb, which descended gradually 
‘as the ground wns removed from under it, Whon, however, 

| fhe shaft had thus been aunk to a depth of 88 feet, it became 
| enrth-bound, and, although loaded with a considerable ox- 
traneous weight, and the water allowed to rise in the oxea- 
vation for the parpose of softening the ground, no farina: 
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fround in advance of the work; while the face of the exea- 
vation was seaured by timber polings, 80 necurately fitted as 
to leave no aperture whatever through which loose strata 
could find their way. 

‘Ths following brief description of the shield, and the 
mode of using it, is oxtracted from Woale's “ London 
Exhibited :"— 

“Tt will at once be soen how admirably the shield was 
adapted for tho duties which it bad to perform ; the chief of 
these was, obviously, to support the ground, but a quality 
equally essential was, the power of being easily advanced or 
moved forward, as the tunnel progressed. Now, by its 
division into frames, these two objects were at once attained, 
for the whole was so contrived that, while six alternate 
framos were ¢ngaged in sustaining the pressure of the 
ground, the six intermediate frames were relieved entirely 
from all pressure, and left froe to be moved forward without 
resistance, These, in their turn, then became the preasure- 
boarors, relieving those which had proviously relieved them 
jo a similar manner, and enabling them to be advanced 
without difficulty. 

+ Tt has bean already said that tho shield, as first designed 
hy Sir Isambart, bore a considerablo resemblance to the worm 
from which tho first idoa was derived ; but the present shield 
has much more aptly been compared with a man, to whom, 
in its goneral organization, oach of these “frames” or divi- 
sions bears a resemblance; having logs with both a knee and 
ankle-joint, with which it alternately steps or walks on in 
advance of the brick structure ; arms, with which it supports 
anid steadies itsclf, or londs assistance to its neighbours when 
they roquire it; and a head, for supporting the suporin- 
eninbent earth, which can be raised or depressed, or altered 
in its diroction, as circumstances may require.’ * 

* Fig. 170 affords n view of the three left-hand frames of 

* “A Memoir of the Thames Tunnel,” in Ato, 
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shield, as seon from the tunnel, tho third frame being 

in section, in order that the mochanism may be more 
seen; and Fig. 171 is a section taken through the 

same frame, in a line parallel with the direction of the tunnel, 
or perpendicular to that shown in Fig. 170. The sides of the 
or frames, aro formed by strong castings, 4a, securely 

to the floor-plates, n », which, as already explained, 
werved to separate every frame into three storioe, or boxes. 
ke middle boxes were stiffened, both transversely and longi- 
fndinally, by wroughtiron stays or strats, oc and pp; and 
shield was strengthened at tho back by two wrougbt- 
fron straps, x x, which extended from the top to the bottom 
Of both sides of each framo, passing through the intermediate 
Hoor-plates. The framings of the uppor and lower boxes were 


oped away at the back, as shown in Fig. 171, to allow more 
oom for the bricklayers in putting in tho brickwork. The 


part of the bottom box was secured by a wrought-iron 

tay or framing, r and a, and the upper part of the top box 
by two similar framings of wrought iron, m and 1, Each 
me was supported upon two long jack-screws, K x, which, 
from ithe duty they had to perform, were termed (eye; the 
lower extremities of these jacks rested upon strong wrought- 
iron plates, i 1, termed shoes, whose object was to distribute 
b weight of the frames, together with the pressure of the 
bent earth, over a large surface or base; beneath 

shoes a flooring of elm planks, 8 inches in thickness, 

laid, upon which the brickwork of the tunnel was built, 
the ground beneath them had been compressed by the 

ht of the shield passing over them. The leg was attached 

p the shoe by a species of aukle-joint, ¢, resembling in prin- 
iplo tho method adopted for mounting marinors' compasses, 
shich allowed tbe shoo to adjust itsolf readily to any inequality 
the ground, At the upper part of the leg was a knoojoint, 

, about which it tarned in the uct of stepping forward: tho 
ugh of the leg could be varied at pleasure, by means of Yoo 
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syace of nearly 8 inchos boing maintained between them, 
avoid the resistance which would bave arisen from the 
tion of the frames if they had boon allowed to rub 
each other; and in ordor to proserve this space, the 
thor plates of avery odd-numbered frame were provided at 
bh ond with a pair of wrought-iron sectors of circles, [ 1, 
172 (or, as they were termed, quadrants), the honds of 
bh bore agninst the floor-plates of the even-numbered 
nes, and the circumference of which worked in the 
feemses mm, formed in the floor-plates of the odd-numbered 
for their reception, The quadrants served only to 
the frames approaching too close: to obviate their 
& powerful tie, formed by two wrought-iron bolts, 

f, Pig. 170, was attached to the two external frames. 
| * Each frame was supported and maintained in a vertical 
bxition by two powerful screws, ff, Fig. 171, termed the 
screws, one at the top and one at its lower ex- 
yy. The heads of thoso scrows rested against iron 
AA, which sorved to throw tho prossure occasioned 
the screw over a larger surface of the brickwork. It was 
¥ moans ef sees screws that tho frames of the shield were 


“We now pass on to describe the mode in which tho 

ceayation was carried on and the shield advanced. We 
hould first state, that ovory alternate frame of the shield 
ood three inches in front of the intermediate frames, 

; Tntter, whon advanced, wore moved forward six inches 
a timo, so as then to atand (in their turn) three inches in 

Avance of the others, Thus the odd-numbered and evon- 
d frames alternately stood in advance of oack other, 


© “Tt should be montioned that two shields were employed in the 
of the tunncl. Thot which wo have just descr "bed was 

second, and contained several improvements which experence had 
out. ‘They were, however, identical in prineiple, and in their 
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behind, and proceed to detail the method of advancing ono 
of them (No. I11.), which will sufliciently explain tho 
process adopted in the case of any one of the rust. 
Fig. 178 represents a section plan of « portion of tho 
frames Nos. If,, III., and IV., showing the relative posi- 
tions of tho front rails of those frames, together with their 
poling boards and the poling screws which supported them, 
‘This boing the position of things, the firet operation is, to 
remove tho poling boards of the frame No. III., one at a 
tino, commencing at the top of the box, and, having eare- 
fully excavated or cut away the ground to a depth of three 
inches, to replace the poling and its two screws; but 
instead of resting the latter upon their own framo, as they 
were before, they are now placed against tho front rail 
of the two other framos on eithor side, as shown in 
Fig. 174; the object of this arrangement being, that the 
intermediate framo, after all the poling screws have been so 
removed, shall bo loft entirely free to be advanced or 
moved forward without oxperiencing any resistance from 
the groand against its poling boards, the whole of which 
‘sre thon temporarily supported by its neighbouring frames. 
‘The frame itself is thon moved forward the required distance, 
or six inches, by moans of the large abutmont serows, ff, 
Fig. 171; the mode of operation being, first, to relieve the 
logs of the frame from weight by means of the slings, in 
{bo manner already explained, then to move forward the two 
thoes u, Fig. 170, bringing the legs into the sloping 
pe n shown in Fig. 171, after which the framo itself 


serewod forward by turning the upper and lower abut- 
fwent screws simultaneously, until the legs are brought 
igain into vertical position, and the frame assumes the 
fituation shown in Fig. 175, being then three inches in 
Advance of its neighbours, Nos. I. and IV, The poling 
| is aro now again removed, the ground once more 
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CHAPTER XXIL 
SYSTEMS OF DRIVING TUNNELS, 


[fwo systems of driving tunnels are recognised on the Conti- 
nont—the English or German system, and the Belgian or 
French system. On the English system, so called, the 
main heading is opened and driven at the level of the floor 
or of tho invert of the tunnel, and the excavation of the 
tunnel is developed upwards and laterally, On the Belgian 


system, 0 called, the main heading is opened and driven 
through the upper part of the tunnel, at such a level that the 
roof of the heading is level with and forms a portion of the 
roof of the excavation for the tunnel, whence the excavation 
is extended downwards. On this system, the arch is con- 
structed before the walls. 

Tn short, the bottom heading is said to be the basis of the 
English system, the top heading of the Belgian. This dis- 
tinetion, if therd ever was a reasonable foundation for it, has 
long ceased to exist. The bottom heading, no doubt, was, 
in tho early English practice of tunnelling, systematically 
employed, not only because it served as a drain for water, 
but also as moans of insuring accuracy in the levels and 
ranging or setting out of the work. Tho tunnels constructed 
on the Great Western Railway, betwoen Bath and Bristol, in 
I642—48, were commenced by the driving of a bottom 
heading from end to ond before the enlargement was com- 
menced. These tunnels were constructed through hard grey 
sandstone, and the work of enlargement from the bo\vom 

P 
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gulicient for clearing the works of water. Exceptional cases 
arvee in the construction of the Saltwood and the Buckhorn 
‘Weston Tunnels. 

The Buckhorn Woston’ Tunnel, 789 yards long, was con- 
simacted in 1850—60, through Kimmoridge clay, on an 
incline. It was originally intended to sink only two shafts, 
wed to utilise the incline to drain the tunnel, by means of a 
totlom heading driven from the lower ond, through which 
the excavated staff was to be conveyed. The heading was 
driven for a length of 200 yards, bat it became so much 
Soutmeted by the swelling of tho sides that it was abandoned 
asa thoroughfare for water and waggous. The number of 
shafis was increased to five; top headings were driven from 
ench shaft, and the tunnel was enlarged, timbered, and lined 
as in the Blotchingloy Tunnel, described by Mr. Simms. In 
‘the courte of excavation, however, veins of loose, rubbly 
Tork were out, from which large quantities of water wero 
discharged, chiefly through the crown of the excavation. 
Fo check this inconvenient flow, counter heading was driven 
from tbo ond of the ridge, over the tunnel, for a distance of 
to8 yards beyond the intersection of the vein, in which tho 
‘op water was intercepted and drained off to the face. Hero, 
Gnstend of a bottom bonding, a top heading was employed 
for drainage. 

Whilst the common practice of sinking shafts and multi- 
plying tho number of faces possesses many advantagos 
Wherever oxpedition is an important clement in the constrac- 
Mion of a tunnel, tho system is occasionally followed accord- 
Ging to which » bottom heading is driven from tho ond at or 
|@ear the formation-level, and u “ break-up" is formed at 

upon tho hoading. ‘The break-up is a substitute for 
‘exeayation otherwise formed below the ordinary shaft, 
he heading is equivalent in its fanctions to the shaft, 
ietituting tho moans of communication between tho work- 
fices and tho surfuce. But it is oasily understood tw 
eZ 
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fe alfected by the difficulty of the absence of sufficient ven- 
tilation, which may even prevent its being adopted at all, 

Tu the history of the short tannel, 600 fect long, on the 
Reeife and Séo Francisco Railway, Pernambuco, constracted 
in 1866—62, an instance is afforded of the benefit that may 
be derived from a through bottom heading for the transport 
‘of stores. When the small trial heading bad shown that the 
ground was favourable, as the materials for the construction of 
the permanent tunnel were not at hand, and there was plenty 
of timber on the ground adjoining, it was decided to enlarge 
the heading sufliciently to take an engine through, minus the 
chimney. This was effected without difficulty, the enlarged 
heading being 9) feet wide at the bottom, 8 feet wide at the 
top, and 10 feot high. A constant stream of materinis 
patied through daring moal-times without interfering with 
the work, With the like objects, as soon as the end lengths 


had been completed in the usual manner, a surplus stock of 
materials, sufficient to last for a fow days, was sont through. 
‘The road was then broken up, the invert was built through- 
out, and the road was relaid; after which the construction 
of the tunnel and the supply of materials went on withont 
interfering with one another. Tho invert and arch of the 
tunnel were of brickwork, and the side walls were of rubble 


masonry. 
Whon tunnels already constructed are to bo enlarged—as, 
for instance, a railway tunnel constracted for a single line of 
tails, to be enlarged for two lines—the existing tunnel, it is 
obvions, serves as a ready-made bottom heading, and is so 
employed for the construction of the larger tunnel. Tho 
Tindal Tunnel was enlarged by raising shafts through the 
‘crown of the tunnol, making a break-up at cach sbaft, and 
driving top headings both ways from the break-up. 
_ In tunnelling through rock, top headings aro now usually 
| driven, to be worked from, For example, the Clifton Tunnel, 
under the Durdham Downs, was cat through mountain \ime~ 
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prth dbo ald, of course, of a thriugh heading, entering 
the ends, The junction of tho hoad- 
lly, and with only a foot of divergence 
ally, And as to the means of drainage, 
lls may in most cases be drained by 
of steam-power through shafts ; 
tunnels like that of Mont Cenis, 
) either shafts or side-drifts cannot be 
id, are constructed on inclines which 
fom each end and meet at a summit 
6 interior, and so afford a fall for 
al drainage. 
 iepebesied of tunnels of grent 
, and eat mountaina of great 
tion, as, for instance, the tunnels 
+ Mont Canis and through the St. 
ard, whore, in the absence of shafts, 
(uly means of approach are from the 
(itis manifest that the proper method 
hetrating the mountains ix the method 
{top heading, with wutwequont onlarge- 
+ The excavation of the Mont Cenis 
el, it in true, was commonced by 
# of a bottom heading, from which the 
was effected spwards and 
; but the system of the bottom 
(ag has been completely negatived in 
onetraction of the St. Gothard Tunnel, 
hich the top headings, or adyancod 
tios, were driven from the commence- 
y and continued to be exclasively 
wed in the excavation of the tunnel 
(dy the solid rock and at the north 
and in the loose, nncertain, and watery 
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TABLE OF COST OF CONSTRUCTION OF VARIOUS 
TUNNELS, 1876. 
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hot attain the height of 22 foct, although abont one in 
or five rose to about 26 fect or 28 foct in height, ‘Tha 
‘age elevation was from 18 to 20 fect. Ina hard galo 
( heavy squalls, most of the waves rose to moro than 
bot, and one in five or six rose to n height of 48 foot 
pitch or distance apart of the waver was about 560 foot, 
st the velocity amounted to nearly 88 miles per hour, 
‘he foree of impact of a ground wave 20 foot high has 
1 estimated by Mr. J. Scott Russell as equal to 1 ton 
square foot of superficies. Even higher pressures 
| this bave been registered. Mr. Alan Stevenson ob- 
ed by dynamometer a pressure of 6,000 lbs., or nearly 
ins, per superficial foot, at the Skerryvore lighthouse, 
fh the waves broke, between high water and low water. 
(markable pice of evidence of the force of groat waves 
tered at the breakwater at Wick. A large monolith of 
(mt rabble, 45 foot long by 26 foot, by 11 feet thick, 
{hing upwards of 800 tons, was gradually slewod round, 
ueceasive strokes, until it was finally removed and do- 
ted inside the pier. It carried with it some courses of 
© which had beon fastened to it by iron bolts, the 
mons mass weighing not less than 1,860 tons, and 
an arca of about 496 square feet to the force of 
The power of waves is also manifested by the 
(g up of large blocks of courted masonry from the paved 
} of Plymouth Breakwater, and the throwing of them 
(on to the back slope; and by the piling up of the 
{moles of shingle that fringe the southern and eastern 
és of England, in the most remarkable of which, the 
beach, stones of great size are heaped up 85 foet 
high water, or three times the usual height of such 
ations. 
tides, or oscillations of the surface of the sea, lake 
twice in twenty-four hours. Over the largo areas of the 
tie, Pacific, and Indian Oceans, the rise and fall duo 





CHAPTER II. 
CURRENTS, 


‘Dur stability of works erected upon the sea-shoro is ofton 
MMlected, directly or indirvotly, by the action of currents ; and 
the remarkable influence they possess upon tho direction of 
allavions, sand, or shinglo, renders their study the more in- 
dispensable, Some of the most striking illustrations of the 
importance and nature of currents are subjoined. 

Tn the Moditerrancan there is a general current flowing 
along the shore, near the western end, whose direction in 
from the west to the east on the const of Africa, and from 
the east to the west on the coast of Europe. On the French 
toast the velocity of this current doos not exceed 8 inchos 
per second, whilst at Algiers it has been noticed to flow at 
the rate of from 10 to 12 inches, or even as mach as 40 
inches, per second, at the extremities of some capes, 

The oceanic currents are of much greater importance than 
that of the Mediterranean, on account of the immense volume 
of water thoy roll along, and of their velocity ; as likewise of 
their greater influence upon the climate of many portions of 
the globe, and the scrious interference they exerciso upon 
the operations of suilors. The Atlantic currents are thoso 
with respect to which we possess the most accurate informa- 
tion; and, indeed, it i» probable that Major Rennell’s sur- 
mise may be correct, that the outline of the shores of the 
Paeific is not so caloulated to give rise to them as those of 
the Aiaotic. The most important of the currents in the 
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the normal direction of the main currents require to be 
carefully studied, both by engineers and pilots, 

At the embouchures of rivers the effect of the disturbing 
canses js further complicated by the dynamical tendency of 
the water of the eurrent to flow into the depressions always 
existing in such positions at low tides, and by the descent of 
the upland soft waters. The form of the embouchure hay 
considerable influence upon the phenomena to be mot with 
in any particular instance; for it may happen, and some- 
time does, that even when the tide falla the sea water will 
continue to be poured into the river; or vice versd, that the 
river will discharge into the sea after the tide has commenced 
ising ; inasmuch as the conditions of the interchange of the 
‘waters depend upon the configuration and size of the passage. 
Thus, at the month of the Adour, a river which, instead of 
being open towards the sea, has a funnel shape with the 
neck outwards, the tidal wave maintains a greater height in 
the sea than in the river during the whole of the flood, be- 
eanse it cannot enter through the narrow mouth with sufli- 
cient rapidity to fill the bed of the river, The difference of 
height has been noticed to be as much as 4 feet during 
the syzygies ; and, in consequence of it, the duration of the 
flood-tide in the interior of the Adour is prolonged for about 
on bour after it has ceased in the open sea, Analogous 
effects have been observed at the mouth of the Tay, in 
Scotland, where also the embouchure is suddenly contracted. 

A very peculiar and interesting phenomenon, before alluded 
to, may be observed during the riso of the tide in rivers. In 
such cases, a2 the molecules of the water pouring into the 
river are impressed with a velocity equal to that of the great 
tidal wave, their direction whilst dowing into the river will 
oridently be a resultant from the two directions of their 
original flow, and that arising from the tendency of the water 
to Gil up the depression of the embouchare, In the centre 
of the principal current there will thon bo formed » Kine 


= 
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froquently happens that in the interior the tide rises to a 
point considerably above the level of the high tides in the 
ocean. 

Bat the most singular phonomenon connected with the 
rise of the tide in rivers is one presented by the “bore.” 
According to Colonel Emy, this may be defined as being a 
pecaliar undulation, which announces the arrival of the flood- 
tide in many rivers, It consists of two, three, or sometimes 
four waves, very short, and succeeding one another rapidly, 
whieh bar the whole river, and ascend it to a groat distance ; 
they often break upon the crown and upset everything they 
‘meot in their course, and are accompanied by a fearful noise. 
In the Severn, the bore is stated to be of almost daily oocur- 
renee, and sometimes even to attain a height of 9 feet; inthe 
Dordogne it rises from 6 to 6 feet, and travels at the rate of 
about 5 miles in 34 minates; in the Seine it does not exceed 
8 feet; in the Thames it only exists in a rudimentary state; 
whilst in the Hoogly, at Calcutta, it risus about 6 feet, and 
is transmitted at the rate of about 17} miles per hour; and 
in the Menga the rise is said to be 12 feet, 

The cause of the bore is universally considerod to be 
owing to the intorforenca with the transmission of the tidal 
wave, arising cither from the sudden contraction of the 
embouehure of the river, or from the existence of some 
abropt step or bar in the bed. The wave terminates 
abruptly on the inland side, because the quantity of water 
gotiained in it is so great, and its motion so rapid, that 

| there is not sufficient time for the surface of the river to be 
taised immodiatoly by the transmitted pressure. Dr. Whewell 

| compares this abrupt tide-wave to those which curl over and 
froak upon asbelving shore. ‘The periods at which its effects 
‘Aro the groutest aro at the syzigics ; and they decrease in pro- 
Portion as the bed of the river ia deoper. 
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oceasioned by the waves; of the effect produced by the 
wind upon the upper part of tho waves themselves; of the 
reaction produced by any projection beyond the ordinary 
line of the shore; of the permanent and periodical currents 
to which the mass of the water may bo exposed; and, 
finally, of the dynamical effort exercised by the water set in 
motion. Of these causes, the three first aro without com- 
parison the most powerful, and hitherto it has not been 
ascertained within what limits they are ablo to act. But it 
is important to observo, that the existence of any object in 
abrupt reliof gives rise to such eddies that the bottom of the 
wea round it will be rapidly carried away, if it be of a nature 
to yield easily, and be situated within the limits of the dis- 
fturbing causes. It follows from this, that great precautions 
must be taken in the construction of any vertical retaining 
wall whose foundations may be near the low-tide line; for 
the repercussion of the waves is certain to undermine them, 
if formed in clay or light sand. 

Occasionally it may happen that the destructive action of 
the sea, which principally operates in the direction of the 
adyanee of tho flood-tide, is reversed by the existence of 
some local current which increuses the power of tho ebb. 
‘Thus in the British Channel the outline of the majority of 
the bays between Land's End and Portland Bill is concayo 
towards the incoming tide; but between Portland Bill and 
Selsea Point the outline of the bays, of the mainland at 
Teast, is almost invariably convex to this tide, The cause of 
this apparent anomaly is to be found in the existence of the 
second tide before noticed, which increases the volume of the 
ebb close in shore ; and also to the fact that the island of 
Portland, and the spur terminated by St. Alban's Head, form, 
us it were, breakwaters sheltoring the intermediate district 
from the effeets of the south-west winds. 

‘The geological nature of the rocks exposed to the fury of 
the waves may also materially affect thoir rate of Avekruchon, 
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porarily or permanently. This latter contingency occurs in 
the embouchures of most rivers, and the bars are formed, in 
such cases, by the deposition of the allavions upon the line 
of junction of the littoral current with that of the down stream ; 
and, a4 these directions are usually either at right anglos, or 
highly inclined, to one anothor, the axis of the bar follows 
that of the resultant affected by the volume, the velocity, and 
the direction of the two streams. 

Shoald the alfavions, instead of meeting with a deep bay, 
such as has been doseribed, mect with a projection upon the 
shore, they will form a deposit in the opposing angle which 
will be concave to the gonoral direction of their advance, If 
the action giving rise to the allavions be permanent, it will 
tarry thom round the projection, and there, meeting with still 
water, they will be deposited. The accumulation of ‘a bank 
in this position will often be accele- 


|rated by the currénts and counter- 
eurrents genorated by the projec- 


Some very striking illustrations Pa. 181 
ef the importance of the affects Projection in a Current. 
produced by the alluvions set in motion by the soa, 
whuther they consist of shingle, sand, or silt, may be found 
upon almost every shore. On the coast of Kent, two deop 
indentations upon the outline of the land, at Romney Marsh 
nad Pegwell Bay, bave been filled in. On the coast of Nor- 
Totk, Lowoestoff Noss is also gradually gaining upon the sen, 
| from the deposition caused by an interference with the pro- 
| gremu of the shingle. In the Mediterranean, the ports of 
‘Aigues, Mortos, and of Fréjus, from which the armies of St. 
embarked, are now far inland, and are only kept open 
Jo vossels by means of constant dredging. The port 
Ostinm, at tho mouth of the Tiber, formed by Clandius 
‘repaired by Trajanus, is now about three miles from the 
he Ingunes of Vonice tond ratarally to et wy, wd 
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fixing tho landes near the Plains of Soulac and Thalais, on 
the sea-shore to the south of tho Gironde, has produced a 
considerable affect in the action of the sea upon the ontline 
of the const. The very incoherence of the sands appears 
to have prevented their removal, seawards at least, 





CHAPTER Il, 
SEA DEFENCES—GROINS. 


Tur foregoing gonoral observations upon the action of the sea 
upon the coasts, or works exposed to its effects, are necessary 
to a complete knowledge of tho most advisable means to be 
adopted for their protection, With respoct to the defence of 
coasts, it follows, from what has been said, that the works 
to be executed must consist 
cither of such as aro able to 
break the foree of the wavos 
before thoy reach the shore; 
or of such as aro able to con- 
solidate tho shore itself, 80 
as to onablo it to resist moro 
offectually the donndation 
produced by the waves; or 
of such means as shall eause 
an accumulation of sand and 
shingle upon the fore shore. f 
Under some circumstances it may be advisnble to combine 
tho three descriptions of work. 

The construction of groins firmly connected with tho aliens, 
and following a direction normal to that of the reignilif a 
winds in tempestuous weather, whether they be submersill | 
or not, would diminish the action of the waves; particulary 
if they be carried ont eo far as to prevent the species a 

eascado, which always takes place on Yacit Lown wks, tem . 


Pig. 182,—Groin, 
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affecting the shoro iteulf, In somo cases isolated pillars of 
masonry or timbor-framing, placed like tho squares of a 
choas-board, by causing the waves to break senwards, may 
become very efficient means of defence. On the coast of 
Holland very successful results have been obtained by the 
erection of wooden framing placed in a parallel direction to 
that of the coast at the line of low water. In soils susceptible 
of being easily removed, however, it is indispensable to pro- 
tect the foundations of these groins by apron pieces, 


[One of the most ancient kinds of defence for sea-shores 
is the system of groins or jetties run out from the shore, 
for the purpose of arresting the travelling shingle, the collec- 
tion of which forma 9 natural barrier against the waves, 
‘The common form of groin is socn on tho shores of Kent and 
Sussex, consisting of a row of piles from 6 feet to 10 feot 
apart, bold back by land-ties nnd piles on the weather side, 
and backed by longitudinal planking, against which the 
beach is collected. The groins aro usually laid in a diree- 
fion at right angles to the shore; thongh they are in some 
tanos placed at an acute angle or an obtuse angle to the 
waves, 

Tho motion of shingle on any beach is dependent upon the 
extont to which it is exposed to the waves, the angle at which 
the waves break upon it, and the violenco of the waves, 
The disposition of groins, then, shonld be so adupted 
ts to give tho prevailing waves tho least favourablo means 
of forcing the shingle forwards, and to assist, as much as 
possiblo, the less violont and constant winds, in driving 
it back again. A dircction slanting from tho prevailing 
Winds appoars to bo tho most favourable. If groins be 
too lofty, over-falls of wator are created, and tho shore 
pullied out on the leeward side, An important application 
Df groins, illustrating tho excollent offvet of their employ- 
in arresting the encroachment of the sea, and wiing 
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Sevon groins wore constructed, extending over a frontage of 
about 2,500 foet in extent,and at intervals of from $50 fect to 
450 foct apart. Of the first, second, and third groins, the innor 
ends stand 10 feet abovo high-water line of ordinary spring- 
tides, and abont 20 feet above the surface of the limestone 
rock ; the seaward ends aro only 2} foot above the surface of 
thorock. They aro respectively 326 feet, 826 feet, and 858 
foet in length, and are formed to an inclination of 1 in 18. 
Tho north side is inclined with a batter of 2} inches in one 
foot, and the south side with a batter of 1 to 1. The top, 
or erest, is formed ng an arch to a radius of 5} fect, with 
# bonding course 15 inches thick, at a distance of 9 feet 
below the crest, In tho interior, thero is a backing of 
coursed rubble at tho north side, making up a thickness 
of G feet at tho bottom and 4 fect at the top. Above the 
bonding course, tho space is filled with coursed rubble, well 

and built with mortar; below, the cavity is filled 
with the excavated magnesian limestone, 

Tho set of tho flood-tide in the offing is 8. } B., and at 
fpring-tidos it rons with a velocity of $} miles per hour. 
Along tho shore, the set of the tide was $.S.1.; and, owing 
to a counter-current, the first flood, as well as the time 
of high water, was about two hours earlier, and, at tho 
distance of half a mile, about one hour earlier than in the 
offing. This flood-tide was first caught by the north pier, 
which acted as a groin, where a considerable portion of the 
land brought np by the tide was deposited. In fact, upwards 
‘of 36 acres of land have been recovered from the sea by the 
erection of this picr. The sand settled at a slope of from 
1 in 40 at the upper end of the beach, to 1 in 60 at tho 
Tow-water mark, Tho quantity of sand retained was not 
‘constant, for the large amount accumulated during the nenp 
‘les and in calm weather was much lowered by = heavy 
ea: ag much as 6 feet in vertical height has been carried 
‘ayny ina vinglo tide. A portion of the dislodged maker) 
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ing come of the stones in No. 2, All these failures occurred 
at one level—the intersection of the crests of the groing . 
with the line of high water of ordinary spring tides, indicat- 
ing that the waves acquired their greatest power at high 
water. It was observed, in fact, that at an interval of 
1} hours before high water, the velocity of a wave at the South 
Pier boad was 9 feet per second, and its height 5 feet 
® inches; whereas, at high water, the velocity attained a 
Maximum of 134 foot per second, with a height of 6 foct. 
At an interval of 13 hours after tho turn of the tide, the 
Velocity of the waves meeting the descending wator was 
‘only 74 feet per second, though they were 74 fect high. 

In view of the circumstances above detailed, the romaining 
groins, Nos. 4, 5, 6, und 7, were constructed to semi- 
tyeloidal contours. Nos. 4 and 6 groins were designed 
to have longths of 442 feet and 610 feot respectively, 
With inclinations of 1 in 26 and 1 in 80, 80 as to stand 
10 feot above bigh water at tho landward onds, and 7 feet 
below sonward, Thoy were actually constructed to lengths 
of only 812 fect and 860 feet, as they were met in the 
course of construction by the deposited material, consisting 
of the hard blae clay which forms the banks. The sides 
were brought up of ashlar work. The hearting was of large- 
tize rabble closely packed, the vacancies between it and the 
ashlar being fillod with small stones and Roman cement, 
‘At the depth of 6 foct below tho crest, ashlar masoary was 
tid on the rabble and enrriod up near to the crest, loaving a 
final vacancy which was filled with small rabble and Roman 
tement, The groins wero additionally strengthened for a 
Histanco of 80 foot Isndwards of tho high-water intersection 
by ashlar introduced at the depth of 8 fect below the crest. 

Groin No. 6 was laid at an inclination of 1 in 82; and 
‘Wo. 7 at 1 in 80. No. 6 is stopped short at n lovel 24 foot 
above high-water intersection; No. 7 stops short at that 
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main piles are 18 inches squaro, 22 to 24 feot long, and shod 
‘With 14-1b, shoes of wrought iron. These piles were driven 


Pigs. 157. —Greins, 


i 
1 
I 
i 
! 
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11 or 12 feet into the boulder clay 
below tho sand. The strat piles, 
18 inches square and 12 fect long, 
were driven 8 or 9 foot into the 
clay. The struts, 18 inches wide by 


6} inches thick, aro dovetailed and 
halved on to the piles, and fixed with 
1}-inch bolts and nuts and cast-iron 
washers. The planking is 4 inches 
thick and 11 inches wido, in longths 


‘of from 20 feet to 25 foot, fixed to the piles with 1-inch 
bolts and nuts. It had been observed that the broakers 
‘wore most destructive about the locality of high-water mark, 
or during 1} hours beforo and aftor the time of igh water, 
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consolidation of a shore must bo performed in very 
‘ent manners under different circumstances, If the 
fal inclination above low-water mark, up to the extreme 
| reached by the waves during tempestuous woathor, bo 
pt, it will probably be found more advantageous to 
poso a vertical wall or defence, whethor of masonry or 
odwork. In the formor case tho stones should be Jaid 
{adors, and tho upper parts coped with the largest stones 
possible to procure, also laid as headers ; andit would be 
fable to pave for a distance of some 8 or 10 feet beyond 
oping, so as to throw off effectually any water breaking 
\the wall. The footings must also be protected by 
le stone-work, or by an apron bedded in mortar, 
‘Holland, however, the dykes are very frequently formed 
presented in the sketches here given, the body of the 
{nkment being of earth with a hearting of fascines, or of 
los of reeds in some cases, or with a facing of similar 
Fials in others, protected at the foot by rubblo-stones. 
gain, the whole of the embankment may be in earth- 
| with or without any provision to break the foroe of the 
Many instances may be mentioned where the banks 
le polders are formed in a mannor similar to a coffer 
by means of a puddle-dyko rotained between shoot 
At Hayre, the modo which proved most successfal 
in forming an embankment of earthwork bebind 


| 
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of the highest floods to which they may be exposed, 
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thick and 1 foot square. When ordinary tides reach the 
foot of the dyke and the outer ground is low, the sea-slope 
is treated in various ways. It may be pitched with stono 
blocks weighing 800 Ibs. at least, haying their smallor sides 
uppermost. They are bedded on a layer of clay and small 
#tones mixed, 12 inches thick. Tho slopes are made rela- 
tively steep, having inclinations of 2 or 8 to 1, and the 
Pitching is carried to a height of from 12 to 16 feet above 
fordinary flood. On solid ground this protection is almost 
imperishable. 

‘Where stones are searce the lower end only is pitched, 
and is Inid toa quick curved slope, the body of the slope 
being flat; as, for instance, 15 to 1. 

Straw, of ryo or of wheat, in a layer 2 or 3 inches in 
‘thickness, is used for the protection of slopes when sods nre 
\searee. The straw is fastened to tho earth with straw 


(Bands pinned to the earth, 

Pascines, Figs. 198, also, are used on the Danish const, 
\eonsisting of brashwood—willow, by preference—bound 
HMogethor in bundles, 10 feet long and 1 foot thick at the 
jmiddle. Several Jayers are placed one over the other, with 
lntermediate Inyers of rough stones. 

i 


Figs, 198 —Fascine Dyke, Danish Coast. 


| The protection of seaweed, together with stones, has been 
on some dykes with advantage. At the mouth of 
Helder, in North Holland, banks, nearly yerties, esn- 
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this level aro 3 to 1. Tho slopes, berms, and crown 
vered with puddled clay 3°28 feet thick. Both sides 
protected with strong fascine works from the top to 
feet below A. P,, and loaded with stone, When the 
vas closed, the fascines on the inside and outside slopes 
tomoved ; a bed of broken bricks, 8 inches thick, was 
ton each slope, and the surfaces were paved with 
{at least 12 inches thick, to the level 1:64 fect below 


» first thing done was to cover tho entiro site with a 
{ faseine mattress, worked in pieces 197 feet long, and 
(pping about 8} feet, called “ grindstukken ;"" then to 
up the exterior portion by successive layors of faseine 
eases to low-water level, when the trough or hollow 
on thom was nearly filled with sand or clay. The 
fal of the core was chiefly of sand, and was socurely 
none of it having been washed away by the current.) 
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inches, so as to form a clay concrete bed to receive the 
itching or stone facing, which is 12 inchos in dopth. The 
ion of the embankment above the lovel of equinoctial 
ea was fneed on each side with sods 6 inches thick, ont 
om the “salting.” The grass, although on a slope of 
to 1 on tho inner side, is strong and luxuriant, and tho 
pet thus formed affords a complete shelter for the 
ilway. 
Mr. Branlees, in designing the pitchod sea embankments 
structed in 1864 for the railway across tho estuaries of 
Kent and Leven in Morecambe Bay, made some pre- 
inary experiments with a view to determine the inelina- 
mat which tho stones ought to be placed, go as to obtain 
maximum amount of adhesion between the stones, and 
resist most offoctively tho disturbing force of sea-wavos, 
experimental slopes, 4 foot in vortical height, were con- 
ructed of fire-bricks, sat on end, so as to equal a dopth of 
inches in the bed. The contral brick in each slope wag 
lracted by means of a weighted chain passed over pulley, 
weights at the ond of the chain required to extract the 
bricks were as follows :— 
map erect 
105 Ibe, 
148 


Mt 
By 


From those results it appears that, at a slope of from 2 to 1 
® to 1, tho maximum resistance to disturbance was pre- 
composed, ovidently, of the resistance to gravity and 

tional resistanco between tho bricks. Mr. Brunlees 

nat adopted a slope of 2 to 1 for the sea-faces, at 

ich the embankments have stood well, The sand of the 
ly, constitating the hearting of tho banks, consists to a 
degree of calearcous matter washed from the Yimerone 








is laid to a depth of 18 inches. On this bod, tho pitching- 
stones, 18 inches thick at the bottom and 12 inches at the 
top, and avoraging 15 inches in depth, are compactly set, 
making a total average thickness of 8 feet 9 inches of cover- 
ing. Tho pitching, carried to a depth of 8 fect below the 
surface of the beach, was of limostono from the excavations 
and the quarries in the neighbourhood, Of the landward 
embankments, the land slopes were protected during tho 
period of construction bya thin layer of puddle or sods, 
Of the throngh embankments, both sides of which are ox- 
posed to the sea until reclamation is offected, the land slopes 
were protected with random pitching 8 inches deep. Tha 
embaukmonts are from 15 to 26 feet high. There is no 
littoral current, and sand has accumulated at the baso of the 
Tank. Bosidos, thoro are groins of rabble stone.* 


Mr. G. W. Hemans adopted the same slopes for a railway 
embankment, Fig. 202, across the Clontarf Estuary, on the 


Fig. 22.—Railway Embankment, Clontarf Ratuary. 


Hive of the Dublin and Drogheda Railway, On a coro of 
acd and mud clay puddle 8 feet thick was laid; on tho 
selay he laid quarry chips, upon which the pitching was Inid, 
“Who upper side of the pitching extended 2 feet below tho 
\murfaco. The pitching consisted of stones not less than 
@ feet deop af, the base, and 18 inches upwards, ‘The slopes 
stood well ; though the middle has subsided considerubly, 
| ae ombankment on tho samo railway, crossing 
Malahitio Estuary, nearly ono milo in width, tho section 
© Seo Mr. Brunlco’s paper on Sea Embankmonts, in hn Dreceedings 
‘the Lnilitetion of Civit Exgineers, vol, xiv, p. 2 
z 
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shown in Fig. 208 was adopted, in which the sen-face is ofan | 
ogeo, form, baving reverse curves. 
This form was certainly not so good 
au that of a straight slope, Tho action 
of the waves tended to beat down tho 
stones, resting only on their odgos, on 


i 
| 
| 
| 
fi 
i 
; 


the most nearly lovel portion botwoon 
4 ond 2, and to work up tho clay 
through the joints. Tho stones began 
fo sink, the concave portion beame 
dangerously hollowed, wn the parapes 
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suffered. Groins aro placed at intervals on 


k ‘hoot-ping was drivon along the 
of tho bank, and rows of tho samo 


fversely. By tho transverse shoot- 
& breaches, where they oceur, are 
ed in extent, The crown of the dyko 
0 foot wide, and the land slope is 


i 
i 


gan and stocper, as exemplified at 
y's, Kont, Fig. 205, where the sea 
$ is 5 to 1, and tho lund alopo 


Grtical walls, constructed as sea-de- 
in shallow water, are, as before 
whed, more troublesome to keop in 


eo “Chatham Lectares—Marino Engineering,” Wy Mr. J.B. 
(ne 1877. 
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time, to break the waves and prevent the projection of solid 
water over the parapet. The breakwater consisted of a zig- 
zag row of piles, 2 feet clear apart, in rightangled bays, four 
piles to each bay, the inner angles being from 12 to 15 feet 
from the face of the wall. The piles were backed with 
8-inch planks. 

But though slopes are better than vertical, or nearly verti- 
eal frces, in shallow water, tho vertical faco is proferublo in 
doop water, Tho preference is clearly cstablished in tho 
practice of construction of piers and breakwaters] 
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ciently firm to allow the anchors to hold in a slorm. If such 
road have convenient access, they facilitate commerce by 
forming calling stations where vessels may wait for orders, 
or whore they may wait for the winds or tides requisite to 
carry them into harbour, 

Both roads and ports may be further sub-classifiod into 
those without tides and those with tides, according as they 
may be situnted upon waters affected or not by that somi- 
diurial inequality. ‘The ports upon tho Moditorrancan, the 
‘Gulf of Mexico, the Caspian, and tho great fresh-water lakes, 
may be considered as of the former class; those upon the 
shores of the ocean as of the latier, Practically, also, tho 
msages to which roads and ports are specially appropriated 
Give rise to a further separation into the respective classes of 
eommorcial and military, 

Tho variable dogroo in which harbours aro affected by the 
tides produces a marked difference in tho influence of roada 
upon their utility, Forif the interior of the harbours should 
not possess a suflicient depth of water at low tides to allow 
yossels to enter, evidently it will be necessary that those 
#bould wait until a fayourable moment should arrivo, and 
this could only be effectod in « road cloze to the mouth of 
the harbour. As the larger class of vessels aro not con- 
structed to take the ground, as it is ealled, or to lie high and 
dry betwoon tho intervals of tho tides, it becomes necessary 
to construct flonting docks to receive thom in all ports so 
circumstanced. 

The utility of roads, whether open or sheltered, must of 
course depend upon the number of vessels they are able to 
mecommodate, Sufficient space must be left round each 
‘Wessel to allow of its swinging upon its anchor, according to 
‘tho changos of the winds or the tides, withont its being ex- 
posed to foul any other’vessel. It is usual to calculate upon 
fn radius of two cables’ length for ships of war, and of about 
half that radias fer merchant vessels. 
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caution will require to be observed in tideless harbours, if 
any decidedly marked littoral current should exist; but it is 
of more serious importance where the currents flow in alter- 
nate directions than where they are permanent. It is to bo 
observed, however, that the manner in which vessels aro 
towed out from the interior of a port will influence the form 
of the piers to a certain extent. Because if tho vessols are 
towed in by men, or warped in by a ropo, the piers must be 
carried ont so far that they should be able to make their first 
tack without falling on tho opposite side; whilst if tho 
vessels be towed ont by steamers, tho extension of tho piers 
need only be regulated by the necessity for protecting tho 
entry of tho harbour from the offects of the currents. 

Beyond the jetties, in all seaports of importance, it is usual 
to construct an outer harbour, surrounded by quays, at the 
bottom of which aro placed the docks intended to receive 
vessels of large tonnage, and to retain the water entering at 
high tide, so as to allow the operation of unloading to be 
performed whilst the vessels are afloat, Small vossels and 
fishing craft generally remain in the outor harbour, as do also 
tho coasters or other craft able to depart at balf-tide. Tho 
sluico-gates, and the leading channels from the back-water, 
whethor it be natural or artificial, are also placed upon somo 
portion of the outer harbour, 

‘The length to be given to this part of a port will depend 
very much upon the facilities it may poaseas, with respect 
4o the entrance or departure of vessels. It frequently happens 
hat during windy wenther these may retain a very consider- 
ablo portion of the momentum dorived from the velocity they 
had whilst under sail; sufficiont space must therefore be 
allowed for the destruction of this momentum before the 
vossols arrive at the locks giving access to the innor harbour, 
‘On this acconnt, also, it is preferable to direct the entrance 
between tho jotties a little out of the line of tho prevailing 
winds, and to place the lock-gates somewhat out of the Xicec\ 

as 





TARTOURS. 


As an cconomical question, wo may consider that the 
dimensions of length and broadth should be decided upon tho 
principle that the greatest number of vessels should be able to 
lie alongside the quays, with the smallest amount of exponso 
in the excavation of the water surface. At the same timo it 
is necessary to loave betwoen the differont tiers of vossels a 
space sufficient for the ovolutions of those about to enter or 
dopart, In somo of tho most convoniont modern ports, 
intended to receive commercial vessels only, tho length is 
made about five times the width, and in thoso instances 
yossols often lio in three tiers on either side. In military 
ports, however, it is necessary to bring every vessel close to 
the quay, and therefore the proportionate length may be less 
than that above stated. At Cherbourg, where the expense of 
excavating the basins in the solid rock was enormous, their 
dimensions were reduced to the minimum; one of them was 
thorofore made nearly square, or 764 fect wide by 852 feet 
Jong ; whilst tho second was made 656 feet wide by 1,812 feet 
Jong, or in the proportion of 1 in width to 2 in length. 

Tho gates closing the inner harbour should be constructed 
with a view to socure the most rapid oporations in opening 
and shutting, and to ronder the leakago at the sovoral joints 
as smallas possible. Their width must be rogalated by tho 
class of vessels entering. Barques and sailing vessels undor 
500 tons barthen do not requires greater width than 50 fot; 
a first-class frigate does not require more than 52 feet; nor 
does a first-class sail of the line require more than 60 feet. 
Bat the colossal dimensions of some of the modern steamers 
render it necessary to make the gates through which they 
are to pass not less than from 70 to 80 fect wide, It is 
customary to place sluices at the bottom of the lock-gates to 
‘sasint in scouring the platform at the entry. 

‘The depth of the floor of the passage will be regulated by 
the dranght of water of the vessols entering. A 600-ton 
yossol will draw about 16 feet, a first-class figuke whou\ 
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Harbours of refage consist of one or moro breakwaters, 50 
placed ag to forma safe anchorage-ground, easily accossible 
to the largest vessels in all states of the weather and at all 
times of the tide. A breakwater acts as a barrier to the pro- 
gress of waves, and thus secures comparatively quiot 
water landward of it. Brenkwaters are not used for com- 
mercial traffic, and they presont nothing more than a mass of 
sufficient weight and solidity to break the force of the waves. 
‘The old breakwaters offer many instances of this kind. Bat 
the more modern breakwaters are commonly constructed 
‘with » parapet wall, which, besides of course contributing to 
prevent the waves from breaking over the top, also operate 
nsefully as a protection from the wind. 

Harbours constructed for commercial purposes are neces- 
sarily provided with brenkwaters, piers, quays, or docks, 
singly or in combination, by which a sheet of water is 
enclosed and tranquillised, in order that vessels may be 
moored at the quay-walls or wharves forming tho inner 
sides of piers or docks. Mr, Thomas Stevenson” illustrates 
the varieties of commercial harbours, as in Figs. 208. 


Where the const-line lies open to a heavy sea, it is often 
Recessary to make a doublo harbour, @ or 6, where 
the entrance to the river basin is situated within the 


© “The Design and Construction of Harbours; 1874, p. 4. 
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sholterod aren formed by the outer works. Tho kanted 
or curved picr c, affords shelter to vessels lying under the 
leo of tho kant, the sboltered side of the pir being 
finished as a quay. Piors may be formed with a double 
kant, like the letter T. A straight pier, d, generally pro. 
jects at right angles to the const-line, and, unless wheo 
the wind blows right on shore, the straight pier always 
affords shelter on the lee side, Both sides may be finished 
ag quay walls, and the parapet, if there be one, is bailt 
in the middle of the roadway. The simple quay, or wharf, ¢, 
is constraeted parallel to the line of the shore, It affords no 
sholter ; it simply affords facility for vonsols loading and 
unloading in deop wator. 

‘Tho width of the entrance of harbours varies between tho 
limits of 100 feot and 1000 feet, But the usual variations 
rango between 200 foot and 400 feet, The following ares 
few instances given by Mr. Stevenson, 


‘Willth of entranen, 
. 120 foot. 


DOeks” of vee oe 
Newhaven . a oe Oe 
Ramagato 
Portland 
Ayr 
Teith » . 6 4 
Yarmouth, ©. 6 5 5 200 
Sunderland . + + » 816 &968 2, 
Aberdeen . 4 « + 878 feet, 
Portsmouth » + «© « 700 
f 060 
33 
ae 





CHAPTER VII. 
BREAKWATERS. 


‘Tue formation of a breakwater is sometimes necessary to 
sécare tho tranquillity of the roads, Plymouth, Cherbourg, 
Gette, and tho port at the mouth of the Delaware, have been 
cited as illustrations of this species of construction, and thoy 
offer sufficient differences of principle even to require a somo- 
what detailed examination. A notice of the bronkwater of 
the port of Buffalo, on Lake Erio, is added, for the purpose 
of showing the methods adopted by tho American engincors 
in what may really be called their fresh-water sens, 
The “Diguo” of Cherbourg, tho first in chronological 
ordor and in size, is unquestionably one of the boldest and 
most gigantic works executed by man. Its total length is 
about 4,120 yards, and it consists of two arms, respectively 
2441 and 1,679 yards long, forming at their junction an 
obtuse salient angle towards the open sea of about 169°, 
with an average depth of water, at high spring tides, of about 
02 foot, The foundations for a circular battery, 100 feet in 
diameter, have boon propared at the cast end, and at tho 
‘wout ond for a similar fort of 184 foct in diamotor; whilst at 
the point of junction of the two arms, the foundations havo 
boon Inid for a fort of abont 640 fect in development, Tho 
Width of the passos between the extremities of the digue and 
the main and at the points where fortifications (crossing 
their fires with those of the intended forts om tho digue) are 
erected, is respectively 1,040 and 2,515 yards. ‘Tho aren 
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from this point upwards, on tho son side, aro paved with 
lnrge stones, 4 foot by 8 foot 6 inches, by about 8 feet thick, 
Jaid with an inclination of 5 base to 1 height and bedded in 
Roman cement; and it is proposed to continue this paving 
below the lowest water line by means of the diving-bell. Tho 
height of the crown of the breakwater is only 2 feet above 
the level of high spring tides, 

Tt appears to be beyond question that the long elopo of tha 
Plymouth Breakwater is less exposed to be injured by the 
violent shocks of the sen than the vertical wall of the Cher- 
hourg Digue; but at the same timo it is equally beyond 
question that the latter destroys far more effectually tho 
agitation and undalation of the open sea, and offers a greater 
resistance to their transmission into tho inner harbour, 
bocanse the waves in Plymouth Sound during violent storms 
break over the slopes, whilst at Cherbourg all their effoct is 
destroyed by tho wall. In tho latter caso, however, the 
descending motion of the return wave is materially interfered 
‘with, The vertical wall at the top of the long slope trans- 
forms it, in fact, into a horizontal motion,’ whose velocity is 
highly dangerous to the stability of the foundation of the wall. 
It is also found that the largo blocks of stono detached from 
tho onter slopes are driven against the outer fnee of the 
wall with oxtraordinary violence during grout storms, 
whilst upon the long paved face of the Plymouth Breakwator 
the waves, not meeting with any abrupt resistance, break in 
precisely the same manner upon the incline that they would 
do upon a natural shoro, and with a considerably diminished 
Mogroe of violonce. It is true that, in consequence of this 
form, they acquire an incroased horizontal velocity in their 

- original direction ; but us the top of the slops is rendered ag 
‘smooth as possible, thore are no salient points in the masonry 
able to attract, as it were, the destructive action of the 
‘waves. Notwithstanding the procautions observed in the 
execution of tho top slope of the breakwater, it is by no 
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ayerage range of the neap tides is about 4 fect 8 inches, and 
that of tho oquinoctial spring tides about 7 foot 6 inches; 
whilst tho grentost range that has been noticed has nover 
exceeded 8 feet 10 inches vertical. 

‘The transverse section of the breakwater was made as fol- 
lows :—Tho inner slope, towards the harbour, was formed at 
an angle of 45° with tho horizon; the top was mndo 80 foot 
wido, and at 5 feet 4 inches above the level of the highest 
spring tides. The outer elope was carried down, with an 
inclination of 8 base to 1 in height, to a depth of about 
19 foot from the highest spring tides, and from thence to the 
bottom, at an angle of 45°. Tho mass of the work botwoon 
the sea bottom and a horizontal plane passing at 6 feet below 
the lowest spring tides was formed of stones weighing from 


Fig. £14.—Breakwater, Delaware Bay, 


} to 2 tons, and the slopes covered with blocks of from 
2 to Stons minimum weight. Betwoen this point and the 
plane corresponding with tho lowost spring tides, the body of 
the work was executed in stones weighing from } to 2} tons, 
Protected oxternally by blocks weighing 3 tons each at Joast; 
and the uppor portion was formed exclusively of blocks 
‘weighing from 4 to 5 tons, laid as regularly as possible, the 
slopes being covered with the largest blocks, Inid as headers. 
‘The breakwater of Cette, Fig. 215, is principally remarkable 
on aceount of the great hoight to which it is carried above the 
highest water line; this is not less than 19 feet. Tho total 
length is about 614 yards, and the outline on plan ig convex 
towards the open sea, During its execution, observations 
were made from which it may be inferred that the eoustan\ 
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cost of the upright mole would be considerably augmonted 
if the facing of the walls bo of granite, and tho interior filled 
‘with level courses of concrete blocks, the system of constirac- 
tion adopted for the pier at Dover. There is, therefore, good 
ground for preferring the simple rabble deposit. 

Adding the cost of the superstructure of the simple form 
shown in Fig. 218, with connecting walls from low water 
upwards, 6 fect thick, and at central intervals of 20 yarda— 
estimated as £262 6s, per lineal yard—the total cost of the 
mole would be— 

hod 


Upright from the bottom. , . . $68 2 6 porlincal yard. 
On a rubblo stone deposit aa described 29819 6 


But economy may be still further promoted in the eon- 
straction of breakwaters, designed as such, and nothing mors : 
dispensing, wherever it is possible, with skilled labour, and 
dofonding the sea-face solely by masses deposited to find 
their own slope, and of sufficient gravity to withstand tho 
action of the waves. As tho action of the waves is a 
maximum at the surface, and diminishes as the dopth 
increases, the smaller stones should be deposited at the 
bottom, and the largest stones, or blocks of concrete, towards 
the top. Moreover, the large and the small stones should 
not be mixed, for small pieces of stone mixed with large 
rubble, far from consolidating the work, very often have the 
effect of facilitating the displacement of the larger masses, 
Stones weighing 5 tons, or even 7 tons, have been thrown 
out of place in consequonee of small stones getting undor 
them and between thom, and keoping them in motion during 
storms, Takinga minimum depth of 22 feet under low water 
‘as the limit of the injurious action of waves, tho nucleus, 
or coro of the breakwater, from the bottom up to that 
level, 4, Fig. 218e, may bo wholly composed of third-clans 
rabble, comprising stones of from quarry robbish wy © 

82 
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concrete, about 18 cubic yards in volume, weighing about 
26 tons each, in water averaging 50 feet deep. But, in 
prolonging the mole, since 1847, a less costly systom was 
adopted, according to Fig, 219. Small rubble was doposited 


Pig. 219—Mole, Algient. 


on the bottom, up to a lovel $3 fect below the water line, 
to the natural slope of 1 to 1; so economising, to a great 
extent, the cost for the substructure, Upon this baso the 
romainder of the work, consisting of blocks of concrete, was 
deposited to a slope of 1} to 1 on the seaward side, and of 
1 to 1 landwards, finishing at the water line at a width of 
46 foct. ‘The cost of the mole amounted to £366 per lineal 
yard. 

Tho mole of La Joliette, Marseilles, in 85 feet of water, 
‘was constructed according to tho separate system of rubble 
foundation—separating large from small stones. It is shown 
in section in Fig. 220; and Fig. 221 is a dingram showing tho 
mothod of construction. The core a is a mass of small 
stones; p is a layer of largor stones of 11 cwt. to 1} tons; 
cis a layer of stones of from 1} to 8} tons; and the layer p 
is of stones of from 3} to 8 tons, ‘Tho hearting, »' and a 
is composed entirely of small stones. The outer face is 
covered with blocks of concrete, which, when deposited in 
the sea, assumed a slope of 1 to 1, at which they were not 
disturbed even during the heaviest gales. Above the water 
line the blocks were laid at a slope of 24 to 1, The Wocks 
were composed of hydraulic lime and sand as mortar, 0 Yas 
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Taken broadly, the quay of La Jolictte has ovidently boon 
much less costly than the mole of Algicrs, ‘Tho difference 
is attributable to the prevalence of rubble work in La 
Tolietto. 

Tho only instance in the United Kingdom, so far as tha 
writer is awaro, in which largo blocks of concrete have been 
employed for the defence of breakwaters, ia that referred to 
by Mr. B, B, Stonoy, who has deposited blocks of 140 tons 
in weight on the foreshore of a breakwater on the south side 
of Dublin Harbour. The foreshore had previously been con- 
structed of large blocks of granite, weighing from 6 tons 
downwards, which had to a great extent beon comminuted 
and gradually washed away. He replaced the stone blocks, 
in 1862, by blocks of concrete 50 tons in weight, which had 
lasted twelve yoars. But ono of the blocks was, in the 
winter of 1873, moved over a distance of 30 fect, and turned 
upside down; and Mr. Stoney proceeded to lay blocks 
of the weight of pio tone, to prevent the chance of dis- 
placement. 

‘The essential value of large blocks as a covering for long- 
slope breakwaters, and of the separation of small rubble from 
large rubble, has been demonstrated, by contrast, in the 
experience of long-élope breakwaters protected by ordinary 
rubble. The breakwater, or pier, at Alderney, affords an 
instructive example in point. It was commenced in 1847, 
and completed in the end of 1864, The rise of spring tides 
is 17 feot, and the depth at low water increases from 
45 fect near the shore to 133 fect at tho head of the 
pier. The total length of the breakwater is 4,700 feet. On 
fn long-slope base of picrre-perdu—hard stone from Mannex 
quarry—large and small, the superstructure for the most part 
consists of n sea-wall and a harbour wall, with filling in 
the intermediate space, surmounted by  promonade, It 
‘was constructed with a fow modifications of structure a6 tha 
work advanced, The Jast 2,000 fect were eonatrucled to Yos 
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the harbour side to 6 feet below low water. The natural 
slopes on the seaward side were assumed to bo 5 to 1, from 
the wall to a depth of 15 feet below low water,changing at 
that depth to an inclination of 1} to 1 carried down to the 
bottom. On the landward side, the slopes were designed to 
be 1} to 1 to the bottom, exeopt a short Jongth of loss incli- 
nation next the wall, to a depth of 9 fect below low water. 
The slope on the seaward side was altered by the action of the 
wavos and flattened to 7 to 1, and in deop water the flatter 
slope extended to a depth of 20 fect below low water, whero 
the sea ceased to act on the mass, and the change of slope 
takes place to a steeper inclination. It was found impossible, 
moreover, even with the large quantities of rabble deposited 
for the renewal of the foreshore, to maintain the lovel of the 
mound elose to the sea-wall at the level of low water. Tho 
depression of the surfnco is exemplified in Fig. 222, whore the 
dot-lino indicates tho original surface of the mound, Tho 
disturbance extends to a distance as mach as 80 or 90 foot 
from the seaward wall, at the maximum dopth, 20 fet, 
The great distance and depth of tho disturbing action aro 
attributable, no doubt, to the recoil of the waves from tho 
wall, as cach wave, during a storm, rises to a groat height 
above the breakwater, then falls and rushes down the slopo 
to the mound, opposing an overpowering resistance to evory- 
thing in its course, till it rebounds some height into the air 
on mocting the next wave, at a distance of about 70 or 80 
foot from tho wall, 

Breaches woro mado in the snperstructaro at various 
points—mostly in the deeper water. Tho rubblo was dashed 
against the seaward wall, and, no doubt, helped to open the 
breaches, The superstructure subsided unoqually at different 
portions, longitudinally as well as transversely, and oracks 
and openings wore formed in the interior; so that the netion 
of tho water entering these openings, in conjunction with 
the confined air, under tho pressure of \he waves, waded 
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being constructed with separate walls, front and back. Tho 
sides wore formod with a batter of 4 inchos in 1 foot, termi- 
nating at a width of 81} feet at the quay surface, which was 
finished 16 feet above high water. The end of the pier is 
finished equare, a form which was adopted, in preference 
to the customary semicircle, for greater simplicity of work- 
manship, and to facilitate a junction for an extension at any 
futuro time. The facing of the sides and the end consists of 
nine coursos of granite headers, 3 foot thick, of which the 
four uppermost courses were joggled and dowelled together. 
The backing, for 80 fect in height, consisted of blocks of 


‘Pig. 225. —Aldemey Breakwater : Head of the Per. 


conerete in ten courses. Tho upper portion of the pier was 
built of Mannez stone in cement, carried up to the promenade 
level; the face-stones of the seven lowest courses being 
dowelled. ‘Twelve courses of the corner quoins were 
further secured by iron bars and diagonal straps, bolted to 
tho masonry, Tho rubble mound was finishod against the 
faces of tho head, at a lovel of 15 or 16 feet below low water, 
several feot lower than in the proceding portions of the pier. 
This portion of tho work has stood unshaken on the mound. 
Tn 1872, cight yenrs aftor it was built, it was stated that the 
hoad had cost nothing for maintenanco, whilst the length ot 
1,400 feet immediately precoding hud been the mosh expen- 
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stone in bulk is 1 ton per 20 cubic fect. The stone was de- 
posited from a temporary wooden staging. 

‘The rubblo mound having been formed and consolidated 
by the action of the sea, tho superstructure was erected, for 
the foundation of which the rubble was excavated to the 
level of low water, ‘Tho principal object of tho super- 
structure was to shelter tho interior of the harbour and to 
prevent the loose deposit from washing into the harbour. 
‘The outer wall has a total thickness of 17} feet at the upper 
part, with a batter to the base which is 23 feet wide. Tho 
total height to the top of the parapet is 253 fect abovo high 
wator. Tho innor wall, distinct from the outer wall, is 
formed with a vertical face to the harbour, and is 8 fect 


‘Fig. 228.—Holyhead Breakwater, 


wide at the baso. It stands 10 foct above high-water lovel. 
The width of the quay-way is 40 feet, and the total width at 
the base of the superstructure is G4 feet. ‘The hearting con- 
sists of rubble, The total cost of the breakwater was £163 
per lineal foot.* 

‘The rubble on the seaward side is exposed to the force of 
the waves at all timos of the tide, and it is stated that it is 
subject to shifting and drifting, and tobe reduced to tho con- 
dition of shingle. From the aseortained results of the action 
of the sen at Alderney, this effect is what might have beon 
expected. The flatnoss of the exterior slope, 12 to 1, is no 
doubt much below the angle of settlement of rubble under 
the action of sea waves ; and this considération may havo 


* Soo Mr. Harrison Hayter's paper on Holyhead Watvours Deoe 
exestings of the Institution of Cieit Engincers, we Xxv. Y 99+ 











in suitablo situations. ‘Tho Yarmouth pior is protoctod 
tho sands in tho offing. Most of tho Dutch piers, | 

of Boulogne and Calais, and several on the 

aro timber: crections, But nono of them aro doop-wate| 


piers. 
‘Two forms of breakwater of this class, Figs, 228 and 299, 
wero adopted by Mr. Abemnothy for tho protoction of tho Pet 








Fig.228.  Treakwaters with timber fuming, Pig. 290, 


of Blyth, Framos, consisting of a solo piece and twot 
one of which is strutted with crossbearers, or half s 
carry the rondway, aro placed at intervals of 10 feet, und 
tied together longitudinally by walings and by open 
The space thus comprehended is filled with rubble | 
Crossbearers at the upper part carry the roadway, also 
planking. The second design, Fig. 229, wu ciple 
farthor and more exposed portion of the breakwater. 
timber wns eroosoted, At low water portions of the 
nearly dry, but there are 6 or 6 foot of waterat the 
high wator, thero is 22 foot depth of water. Tho 
cluding that of tho round end and the lighthouse, 
to £11 per lineal foot. 

Mr. D, Miller recommended 0 framed eyehern oh 
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tion for piers and breakwaters. ‘The framework is of iron, 
formed of pilos or standards, and ties; and serves as the 
staging for all the constructive operations, and remains as 
‘fan essential part of the work. It binds together a strong 
caning of stone or other sufficiently durable matorial, which 
encloses and forms the facing of the breakwater, the interior 
Deing filled with rubblo or other cheap matorials, which may 
be cemented into a solid mass by means of liquid concrete. 
This system was adopted in the construction of the docks and 
quay walls of the Albert Harbour at Greenock. By forming 
tho walls under low water, by a combination of cast-iron 
piles and stone facings, slid down over and enclosing the 
piles, and of concrete backings, the work was commenced 
without the uso of coffer-dams. The cost of the outer or soa 
piers, 1,200 foct long and 60 fect wide, was estimated at 
263,000, being at the rate of £58 por lineal foot, 

Crib-work, as it is called, is much practised in the con- 
struction of breakwaters at the Iake harbours in America. 
Cribs, Fig. 230, are frames constracted of timber, from 
80 feet to 60 feet in length, at least 20 feet wide even in 
the shallowest water, and nevor less in width than tho total 
height from the foundation to the platform, The platform 
rises at least 5 feet above the high-water level of the lake. 
‘Tho bottom is grilled or grated, of timber. The timbers are 
12 inches square, except for the lowest course, in which they 
are 12 inches by 18 inches. The cribs are built in still 
water to a height somewhat greater than the depth of water 
on the intended site of the pier. They are then towed to 
their places in succession on the line of the pier, from tho 
shore outward, joining end to end. When a crib is in posi- 
tion, it is weighted with stone until it touches the bottom, 
when it ix filled level with the top. Whon tho cribs have 
settled down, the framing is raised to a height of 5 or 6 fowt 
above high water, and filled up with stone. The bottom i 
dredged ont to a level, when levelling ia necowsary, weiore 
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of constructing and sinking a crib 60 feet by 80 foot by 80 
fect, in 24 feet of water, at Chicago, amounted to £81 10s. 
per lineal foot. 

‘Tho claborate network of framing employed in the inland 
waters of America for holding the rubble-stone hearting of 
breakwaters, contrasts forcibly with the widely arranged 
framing of European breakwaters of timber and stone, typified 
at Blyth Harbour :—indicating two things—plenty of timber, 
and a perception of the necessity for greatly subdividing 
loose material like rubble, in order thoroughly to fix it and 
‘hold it by open framework. 

It has been seen that concrete manufactured into blocks of 
great size and weight has been, with great advantage, em~- 
ployed in the construction of the substructure of brenkwaters 
land piers, in the capacity of pierre-perdu or in heaps. In 
jsuch « capacity it serves in an admirable manner, by its 
jsaliencics and irregularities, to break up the massos of waves 
and to disperse and exhaust their energy. It has also been 
ween that blocks of concrete have been employed and laid in 
regular courses, in the construction of the superstracture of 
jsuch works, where blocks of a magnitude and weight far 
exceeding those of the largest blocks of stone havo been pre- 
pared and deposited. 

The use of concrete in the construction of sea-walls was 
resorted to conturies ago, as may be seen at the ports of 
Genoa and Leghorn, The quay-wall was divided into com- 
partments, the space was lined with canvas; and white lime, 
which was obtained in the district, was mixed with puz- 
zuolana only,—no sand,—and passed through water. The 
first announcement in modern times of the method of build- 
ing in water by concrete in bags, appears to have been 
made by James Frost, of Finehloy, who, in his patent of the 
year 1822, states that ‘in constructing foundations, and 
walls, and piers, tho parts of which may be under water, 1 
mix the required cement with the before-mentionsd hark 
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evhich was cloarod of loose stones and sand, a layer of baga 
pf concrete was deposited. Tho bags of concrete, onch 
ding 5 tons, wore lowerod in wrought-iron skips, tho 
bottoms of which were on hinges, and were opened to let fallthe 
bags when thoy wero brought into position. Each bag was 
toned out, and when it stood too high it was beaten down ; 
pr, if partially set,cut down. Small holes in the surface 
‘ore fillod with bags doposited by hand. The proportions 
of this concrete were, 1 of cement, 2} of sand, and 
B+ of gravel. 
For a length of 863 feet, extending to low water and fo 
he outer edge of the rocky foreshore, the breakwater was 
built of liquid concrete deposited in place in frames or cases. 
the upper portion of the breakwater, for a depth of 18 fect, 
was likewise constructed of liquid concrete to the head of 
\tho breakwater, Each picce of conerote, as Inid, extended 
completely across the breakwater, and the longths of piccos 
‘wero from 8 fost to 31 foot, making pieces weighing from 
285 tons to 1,500 tons, In tho construction of the larger 
pieces, blocks of concrete were thrown into the mass, The 
toncrote wis composed of 4 of sand, and 5 of gravel, to 1 of 
coment. 

From the bag-work in the foundations up to 1 foot above 
low water of neap tides, where the liquid conereto work just 
deseribed was commenced, the work was composed of blocks 
of conereto 4 fect high and usually 6 feet wide, weighing 
from 10} tons to 24 tons. Tho composition of these blocks 
was the samo ns that of the coment just described, Largo 
rough picees of broken stone were incorporated. 

An apron of concrote was placed along tho seaward side 
of tho foundations, consisting of 15 bags of concrete, contain- 
ing 100 tons each, to obviate the chance of damage from 
undermining by the sea. 

‘The work was commenced in 1869, and completed, with 
8 lighthouse, in 1873. Tho not total coat, including tha 





at the rate of £65 per lines! faot.* 
For the proposed extension of the 

shown in section, Fig. 283, the foundation ix of 
solid ground st s depth of 7 feet. The portion. 
up to 8 feet above low water was to be formed 
Hiqaid concrete, each holding 50 toms. A 
these begs was first to be laid es & 

settle in the sani. On this platform bags were to 
posited po as to bring the surface above low water. 







Fig. 251.—Heeakwater, Alendeen t Propose Extenaloe, 


surface liquid concrete was to bo deposited in frames 
of 700 tons each. 

Tho apron, consisting of heavy massos of conerete | 
forms an excellent protection for breakwaters: a 
wator, where thore is not depth enough for ord 
stones to rost in security. 

In tho broakwater at Kurracheo, extending from 
Point, on the west sido of tho ontrance of the hart 
nigned by Mr. W. Parkes, is to be found a novell 


employing large blocks of concrete, superposed, tt 


* Seo Mr. W, D, Cay's paper on this b ‘the 
the Inatitelion of Cit anne, WE 
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tudinally inclined position, for the construction of vertical- 
sited breakwaters, The breakwater is 1,608 feet in length, 
‘and terminates in « depth of 80 fect at low water, The style 
and construction of the breakwater are indicated in Fig, 
234. The base is a bank of rabble stone Inid on the 
natural bottom, lovelled off for the most part to 15 feet below 
low water; but, near the shore, whore tho original dopth is 
less than 15 foot, the bank is levelled to 10 fect below low 
water. It was found on trial that, in tho shallow portions, 
where the rubble was heaped up to the level of low water, 
it was lowered by the waves to a depth of from 7 to 9 fest. 
‘The bank was formed to a width of 100 foot nt the level of 
the foundation, two-thirds soawards and one-third towards 
the harbour. The superstructure was composed entirely of 
Dlocks of concrete, 16 cubic yards in balk, weighing 27 tons, 
consisting of sand, shingle, quarry lumps, and Portland 
cement, The blocks wero 12 foet by 8 feet, by 44 foot 
thick, The attachment for lifting the blocks was made by 
means of two lewises passing vertically through the blocks, 
‘They were lifted by the “ Goliath,’’ a steam hydraulic travol- 
ling erano of 50 feet span ; the traverse of the erane was 40 
foot, and the lift was 3 fect 2 inches, worked by an 8 horse- 
power steam-ongine, Each block was transported by a rail- 
way ona track drawn by a tank locomotive to its placa 
in the structure. ‘Tho blocks wore set by » crano called 
the “Titan,” the ond of which was overhung so as to 
carry the blocks of three tiers in advance to their places, 
‘The blocks were placed on end in an inclined position; thoy 
are three deep vertically, and, as shown in cross rection, 
there are two independent rows of blocks side by side, mak- 
ing the width of the breakwater 24 foct, The lower onds of 
the lowermost blocks were bevilled so as to rest with level 
surfaces on the mound. The work was commenced in 
November, 1870, and completed in Fobraary, 187%, "Tho 
folal cost of the breakwater amounted to £99,505, beng, 





408 THE RUDIMENTS OF CIVIL ENGINEERING, 
at tho rate of £62 por lineal foot, exclusive of gonerl 7 
charges. 


The breakwater is constructed as two independent halves, } 
divided longitudinally, and ik wiges Ware ween exyockad dat 
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signs of weakness would be manifested, more particularly as the 
outer half rests on quicksand and the inner half on quicksand 
diversified by unyielding masses of rock. It has subsided as 
much as 8 feet into the sand, and at high water there is a 
dopth of 4 fect of water over the breakwater, yet it is said to 
be porfectly effectual as a breakwater. Such a structure is 
scarcely fitted to withstand the shocks of heavy wavos of 
translation, Its weaknoss has beon demonstrated by the 
repeated removal of blocks during storms, and the necessity 
for binding together the blocks at the head by chain-ties. 
Thongh the seas at Kurrachee are not nearly so violent as 
on many parts of the coast of Great Britain, the concrete 
blocks appear to be scarcely sufficient without bond to with- 
stand the foree of the waves at Kurrachee. Nevertheless, 
by tho absence of bond horizontally and the inclination of 
tho blocks, a settloment of 8 feet was admitted without dis- 
Iocation of the superstracture.* 

Mr. Parkos bas adoptod a similar dosign for the constrne- 
tion of the breakwater piers of the harbour at Madras, in 
which there is from 24 feot to 42 foot of water, A base of 
rubble stone is formed up to a level 22 feet below low water. 
From this level to 8} feet above high water, the superstrac- 
ture is built of blocks of concrete, 27 tons weight, regularly 
placed by means of a Titan crane, in the same manner ag 
was adopted by Mr. Parkes in the formation of the Manors 
Breakwater. 

‘The extension of the South Jetty at Kustendjio in Turkoy, 
designed by Mr. Liddell, was constructed of inclined blocks 
of concrete like the Kurrachee Beakwater, but each block 
extended across the jetty from side to side, and the blocks 
broko bond, as shown in Figs. 286, The original jetty, 
which had a length of 450 feet, was protected by a molo 
of piereperdu and blocks of conereto, The extension, 

© Sco Mr. W. H. Price's paper on the Manora Breakwater, in tne 
Proceedings of the Institution of Civil Bugineers, v0l, Wai. Ye Le 

r 
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whole winter exposed to heavy seas, None of them was 
disturbed or moved oxcept by ordinary setiloment. To 
secure tho ond of the jetty from exccssive settlomont, the 
soft bottom at tho last seven tiers was removed by dredging 
to a depth of from 8 feet to 4 feet, and blocks wore placed 
fs a footing, The end of the jetty is simply rounded. Tho 
natural bottom is a mixture of sand and mud overlying stiff 
yellow clay, and the weight of concrete presses down the 
Toose stono base, The blocks have, in every instance, settled 
vertically without disturbing the line of direction; the only 
effect of settlement having been to open the joints of the 
coneroto cap, which has nowhere given way. The work 
‘was commenced in 1870, and finished in September, 1873.* 

Tho two structures just described may fairly be contrasted, 
and it is easy to discern what should be avoided and what 
should be imitated, 

Another like meritorious work was designed and exocuted 
by Sir John Hawkshaw, with upright walls—the North Sea 
piers for the Amsterdam Canal, Fig. 236. The piors wero 
built of blocks of concrete, in horizontal courses, on a vory 
unfavourable foundation consisting of quicksand, It was 
attempted at first to crect these picrs by moans of a timber 
staging on screw piles, but slight disturbances of the sea had 
the effect of excavating holes round the piles, laying them 
bare and deranging the staging. It was next attempted to 
deposit the blocks by means of a “Titan,” after having par- 
tially excavated the sand, when the blocks should havo 
made a bed for themselves, which could be levelled to 
receive the superstructure, This modo of procedure having 
proved also unsatisfactory, a layer of basalt rubble was 
thrown down, having a width of about three times that of 
the base of the pier. When the usual excavation by the 
action of the sen took place at the sides of the deposit, the 

* Sco Mr. G, L. Rois papor on tho South Totty, in the Proceedings 
Sf the Lustitution of Civil Eagincers, vol. xxxix, yy. W2 

r2 
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stones dropped into the hollows until they found theirinataral 
slope, as indieatod by the dotted lines in the figura, leaving 
stationary tho central horizontal portion on which to build 
the pier. By this means a good and permanent foundation 
was obtained, and it was found as the work c 1 
the trenches, whieh in places had been noless than 20 feet ia 
dopth, gradually filled up. The pier was built in courses of 
concrete blocks 8 feet thick, with a topping of conerste for 
the whole width. It in 92 feot wide at the baso, and 22 feet 
wide at the top, It is 94 foot in total hoight, of which 
19 foot is above low-water line. ‘Tho rubble stone against the 
sides of the picr is 18 feet below low water, 








Fig, 96—Amstordam Canal; North Sea Piers, 


Mr. B. B. Stoney, in 1874, advocated the 
his system of constructing large and heavy concrete 
on shore and floating them to their dostination, to | 
wards doscribed, for the construction of deop-water \ 
breakwaters with vertical walls. Comparing his 
tho construction ofthe upright-sided pier at 
by block, by means of diving-bells, he maintains 

toni tho time as well ax the cost of construction: 
diminished, “ Where Yao depth lon 
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from 80 to 40 fect, it may bo desirable to uso two blocks, one 
above tho other, or to raise the foundation by a mound of 
rabble stone, extending to within 26 or 80 feet under low 
water; that is, to a depth bolow that at which the action of 
tho waves is sufficient to move the stones forming the mound. 
A single, double, or triple row of blocks might be laid on 
the axis of such a mound after it has been allowed to con- 
solidate, and even supposing that local settlement of the 
mound takes place, this will not affect the cohesion of 
individual blocks, nor will it in any way injure the adjoining 
blocks ; and if a wide roadway is required on the top of 
the breakwater, rubble filling can be thrown in between a 
double row of blocks so as to obtain any desired width 
of pier." * 

Whatever may be the ultimate depth at which sea-waves 
cease to be felt, it appears evident that they are practically 
harmless to rubble mounds at depths, varying according to 
the circumstances, of from 12 feet to 16 feet. And, as between 
sloped work and vertical walls in deep water, it is admitted 
that, in the case of a wave of oscillation, the upright wall 
reecives the Jeast amount of actual impact, and the only pros- 
sure is that due to the difference between the extreme height 

0 which the wave risos on ono side, and tho depression 
formed by a similar wave on the other side. Asa matter of 
observation and of theory, it is found that a puro wave of 
oscillation, whatever surface it impinges upon, is reflected 
from that surface at an angle corresponding to that at which 
{t impinges. When the wave becomes a wave of translation, 
(he upright wall founded at low water is the worst form that 

n be opposed to the wavo, as it strikes the wall with the 
tmost necumulated force of the sea. An upright wall founded 
spon rabble work 12 fect below low-water mark, would, it 

® Seo Mr. Stomoy's paper “On tho Construction of Harbour and 
{Karine Works with Artificial Blocks of largo size” in the Proceedings 

the Lwatitution of Civil Engineers, vol. xxxvil, p. 382, 
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is believed, be properly applied, aa it is very unlikely that the 
wave would act upon the wall as a wave of translation. Th 
proper alternative, if the force of the waves, as waves i 
translation, is to be exhausted before they reach the vertical 
wall, is to provide concrete masses of weight snflicient to 
resist unmoved the action of the waves, on a system similar 
to that which has beon sketched by Mr, Murray, and adopted 
in the construction of breakwaters and piers abroad.*) 


© Sco p. 396 ante, 





CHAPTER VILL. 
PIERS 


Tx disposition of picrs, in plan, is a point upon which 
great diversity of opinion exists amongst engincert. For 
#ome reasons it appears desirable to construct thom on two 
curved parallel lines, until near the oxtremity, with tho con- 
vox side turned towards the direction of the progress of the 
alluvions. In this ease the scouring action of the water 
from tho inner harbour, whether produced by sluices or 
simply by tho tidal action, will bo more effectual against 
the bar which usually forms at tho hoad of the inner pier, 
by the centrifugal force of the water deflected from the outer 
side. Moreover, this disposition is more favourablo for the 
protection of the interior of the harbour from the effects of 
the wind. 

Bat if tho piers be executed in smooth-dressed masonry, 
the transmission of the waves takes place with undiminished 
intensity. ‘The Romans appear to have noticed this offect, 
for all the old ports of the Mediterranean have a polygonal 
form, and it has evidently been an object with their engineers 
to avoid joining the several straight lines by curves filling in 
the angles. On the other hand, it was noticed in the port of 
Havre that the waves were reflected from the opposite faces 
of the piers, which were constructed of this polygonal form ; 
find the mancnvres of the vessels wore much impeded by the 
constant changes in the direction of the waves thus produce’. 

The roadway of the piers should be fuished off at x hagh 
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‘Tho frames of such piers are placed at distances apart of 
from 6 to 10 feet, according to the depth of water and the 
habitual agitation of the position in which they are to be 
placed. They are made in the form of a trapezium, the 
inclined sides being respectively turned towards the channel 
‘and the open sea, and forming with tho vertical line an angle 
of from 18° to 83°, The timbors consist of two or three 

| posts, tied together by horizontal clipping pieces, with raking 
| struts or braces, forming with the horizontal ties a system 
| of triangles, Wales, sills, and heads tie these separate frames 
| together longitudinally. In the best works of this description, 
| all tho joints are made by halving and bolting, for it is found 
that the continual motion of the waves causos the tenons to 
i work in the mortices wherever this style of joint is used, and 
| that there is no effectual way of remedying the loosening 
| thus produced ; whilst, if the joints be halyod and bolted, they 
may bo tightened up by screwing the bolts, should they havo 
worn. All the wood-work should be tarred, and precantions 
must be taken to defend it from tho attacks of the boring 
‘worms, whose ravages will be noticed hereafter. 

‘The upper sills carry joists, upon which is laid a planking, 
usually from 4 to 5 inches thick, and with spaces of about 1 
to 1} inch wide betwoon each plank, to allow of the escape 
of any water breaking over them. ho planks are spiked 
down to tho joists, and a species of bridging or tying-down 
joist is bolted upon their extremities to the sill resting imme- 
diately upon the framework, 

When the picrs are filled in with rubble stono, the cases 
to retain the latter are formed by close boards, laid horizon- 
tally against the upright posts, The interior is filled in 
tometimes with shingle, sand, or clay, as well as with stone, 
and the recent application of Portland coment concrete in the 
execution of such works appears likely to exorcise important 
effects npon this branch of construction, The beat portion 
for tho horizontal planking appears to be upon the ouleds 

23 
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ting of fascines loaded with rubble, through which the piles 
| are enbsequently driven. 

‘The advantages offered by wooden piers may be stated to 
|eonsist in the fact that they are rapidly and ceonomically 
| constructed; the disadvantages they present consist in the 
| frequency and cost of their repairs, and also that they do not 
| effectually guarantee the intorior of the harbour from littoral 
| currents if totally or partially open, nor do they destroy the 
| agitation of the waves. It is for this reason that in many 
| ports the system of partially filling has been resorted to, and 
tho practice usually followed is, to carry up the filling to the 


level of high spring tides in very exposed situations, or only 
to that of the high neap tides in others. 

Stono piers are executed either with a boarting of rubble 
masonry or of concrete eased with ashlar, or with an em- 
bankment of oarthwork cased by external walls tied togothor 
by cross walls, which form, in fact, so many separate com- 
partmonts, or oven occasionally of loose rabble, In the 
latter case, however, the inner face towards the passago 
Of the harbour is exeented in coursed masonry with a ver- 
tical or nearly vertical face, in order not to interfere more 
than is absolutely necossary with the water-way. TeMoxd 
adopted innumerable varicties in the methods of bedding 
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The foundations of jetties should be executed in the most 
substantial manner possible, and either upon a general bed of 
concrete, or upon a platform laid upon piles and surrounded 


*~ by sheet piling; if the subsoil bo of a nature easily removed 


‘by the repercussion of the waves or the action of the eur- 
rent, it may also be necessary to construct a wide apron, in 
a similar manner to the one executed at Havre, reprosented 
in the Fig. at page 421. These aprons are more peculiarly 


Pig. 242,—Jotty at Honfleur. 


required at the head of the jetties, where the ground swell 
is the greatest; and they should be carried down as low as 
possible, the upper surface having either a slope or a curva- 
ture towards the open sea, 80 ns to decompose the shock of 
any waves breaking on it. 

If the extremity of the pier be carried out far into the 
sen, 80 that the foundations be below the lowest tides, it 
‘will be found almost impossible to execute them in a coffer- 
dam. Tho modes hitherto employed under such eircum- 
stancon have boen to construct them of loose rabble stone 
Up to the low-water mark, as in the cases of the yiers 2 
Abenieon orected by Telford, or of those at Foufieur ) ot \8 
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il edges should be protected by sheet-piling, and pre- 
lons must be taken to prevent their being undermined, 
surface of the place intended to receive the eonerete 
| be cleared of any alluvial mud 
ent, and as far as possible of 
‘compressible substratum. But 
‘most important condition for 
‘ing the permanence of this de- 
tion of work is, that the lime or 
fot used be of a nature able to 
[the chemical effects of the sea 
& 
teaton executed the foundations 
b Ramsgate Harbour in caissons, 
afterwards upon beds pre- 
ly prepared to receive them by 
6 of the diving-bell, ‘The piers 
ried out about 800 feet upon 
Iky bottom, ata depth varying 
8 to 10 feet below low-water 
of spring tides. The caissons 
about 10 feot wide and 84 feet 
‘measured perpendicularly to 
xis of the pier. The heavy 
§ which blow upon this part of 
bast from the 8.E, moved the 
ins, until they were weighted by 
(perincambent masonry. 
ties entirely in loose rubble 


Fig. 48—Pier at Kingstown Hsitnrs 


» waves without its being in+ 
1 to make them serve for the 
be of assisting the manamnyres 
sels entering or departing. Such a mode of constrac- 


| 4 








dowy. A picr carried into deep water becomes a broak- 
x. <A breakwater joined to the shore, and formed with 
‘® roadway or a promenade on the top, becomes a pier. 
Several illustrations of pier-work have been produced in 
‘the preceding discussion on breakwaters. It remains to 
motice a few characteristic piers, designed specially as piers, 
‘hough at tho same time acting designedly or incidentally as 
Breakwators, 
" The most conspicuous instance of a pier, which also 
Operates as a breakwater, and furthermore as a groin in 
arresting the flow of shingle on the south coast, is the picr 
‘at Dover, Fig. 244, which has been constructed with nearly 
= 














Fig, 2¢4.—Pier ut Dover, 


‘upright sides from tho bottom. The choice of this form was, it 
is said, induced by the want of suitable stone in the district. 
‘The material below low water was put in place with the aid 
of diving apparatus, and the work was of course expensive, 
costing £290 por lineal foot for the first contract of 800 
lineal fect; and for the second contract, lot in 1854, £415 
per lineal foot. It is constructed with granite facings and 
~& breasting of rectangular blocks of Portland cement and 
shingle concrete up to a liltle above half-tide level, sbove 
this the filling consisted of liquid eonerete. ‘The yer, Sxoogs 
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rubble, solidly bedded and grouted together. The roadway 
‘Was paved with large blocks of ashlar for a depth of 8 foot, 
and bedded in hydraulic mortar, The parapet is composed 
of finely dressed stones, dowelled and bonded vertically and 
horizontally. By means of the peculiar form of the exterior 
and interior of the parapet, tho waves, in henvy weather, are 
in n gront dogree reflected and prevented from breaking over 
the wall; so that, except in oxtraordinary gales, sonrcely any 
Water is thrown on to the pier. Even then, tho inner pro- 
jecting coping affords a shelter. 

Tho base of the outer wall is protected by an apron of 
argo stones, bedded in the sand, and covered with a mass 
lof large rabble up to the level of low water, The rise of 
ippring tides is 25 foet. 


ay: Cee 


Tig. 46.—New North Plee, Whitelinven, 


‘The north pier was designed like the south pier, but of 
smallor diménsions. 

The now north pier, Fig. 246, a spur of tho old north 
Pier, separating the outer harbour from the north harbour, 
‘was constructed a fow years since. It was a part of 
othor works constructed to tho designs of Mr, Brunlees for 
tho improvement of the harbour, It is 60 feet wido at the 
quay level. The outer wall, next tho outer harbour, is 
JG feet wido at tho base, on a foundation of conercte 19 feet 

hwide and 8 feet deep, Tho wall is double, strengthens’ xy 
cross walls, and filled, in the “* pockets,” with concrete. Sho, 
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for had been blown up by the air between the joints subjected 
‘to hydrostatic pressure. 

By exporionco of three years of the north breakwater, 
(Mr. Murray was induced to construct the south pier, in 
1846, with a glacis to the seaward side, entirely of loose 

abble stone, leaving the action of the sea to adjust the slope. 
Ht was Ginished at a lower lovel than that of the north pier, 


Pig. 217 —Timber Pier, Great Grimsby Deke, 


jwith a levelberm about 8 fect above high water, and a slope 
@£ Gtol, By this dopression of the level of tho backing, a 
ftibstantial sea wall was demanded for the back of the pier as 
Well as for tho harbour side. This pier is less exposed to 
action of the sea than the north pier.” 

A simple timber pier is represented by Fig. 247. Two 
piers of this form aro erected at Great Grimsby docks, 

* Bes Mr. Murmy's paper on “Sunderland Harbours" in the Pros 
tetinge of the Lestitution of Civil Engineers, ol. Vis Qs Wile 
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9 inches thick. They nro farthor held in place by five rows 
of piles driven about 11 or 12 fect through this mass into tho 
ind below. ‘Tho outer slopes and edges of the mattresses 
“Bre covered with a coating of stone averaging 850 cubic feot 
Bar iboel foot of pier. The part above water is covered with 
stones rotainod by rows of small oak piles, tho onds 
| of wl project above the level of the work with the view of 
| ‘breaking the force of tho waves. The crown of the southern 
| pier is 26; foet wide, rounded on tho upper surface, which 
| attains the level of ordinary high wator. The base of 
the work is 124} foot wide. The piles connecting the 
| amattresses aro carried to a height of 9 fect 10 inches above 
the top of tho piers. A roadway is fixed to tho piles, 
earrying lines of rails for the conveyance of materials for the 
construction of the pior. The height of tho picr is from 
18 feot to 164 feet. The cost of the south pier was £145,000, 
being about £38 9s. per lineal foot. ‘The theory of this kind 
of broakwator-pior is that—Ist. As it is to a cortain degroo 
@lastic, the shocks from waves produce less injury to it than 
‘they would do upon a rigid and divided mass, 2nd. That, 
in a short time, the internal interstices will be complotely 
“closed with sand, whilat the exposed surface will be coated, 
and, 60 to spoak, agglomerated with sea shells, wood, &e., 80 
| a8 to become eventually a solid mass.* 

A pior, simply and solely for tho purposes of landing and 
embarking, may be constructed vory differently from the 
solid and substantial structures which have been doscribed. 
In principle it may be made so that it shall not at all inter- 
foro with the movements of the sea—orocted on piles. Ono 
recent example of open pier-work is supplied by the picr 
eonstructed at the seaport of Huelva, in Spain, for tho Rio 
Tinto Mining Company, to the designs of Mr. G. B. Bruce. 

™* Seo Mr. 'T. C. Watson's pnpor on “The Use of Fascines in Public 


Works of Holland,” in the Proceedings of the Institution of vit 
Bugineers, vol. 21h. p, 158, 
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(apart transvorsoly. The scrow-piles forming the base of tho 

pier are 16 inches in diamoter and 1} inches thick. Tho 
ew-blade on the lower end of each pile, Fig. 260, is 6 foot 

in diameter, with a pitch of 6 inches, and is held in place by 

\two bolts, though it takes its boar- 

ling on a collar cast on the piles, 

(The screws were cast separately 

from the piles, for convenience of 

transit from England to Spain. In Sten 

lease any of the piles should work } 


lof fixing them, n radial joint of 
4 feet radius was arranged at the Te Mic APE 
surface of the ground at the shore-end, and in the deep- 
‘water portion at low-water level, for adjustment of the 
upper lengths of the piles. The piles were screwed to depths 
ying from 15 feet to 82 feet below the surface of the 
ground. They were turned by means of a capstan-head 
fixed on the upper end, with eight arms of from 8 feet to 
15 feet in length, worked at the shore-end by 16 men, 
hough in deop wator from 45 to 110 men wore employed, 
‘where two capstans worked from two stagings were attached 
to tho pile. Tho scrows descended by amounts varying 
Mocording to the naturo of tho soil travorwod. Whilst tho 
pitch of the screws was 6 inchos, they descended, for one 
turn, 44, 5, 6, 8, or 9 inches, according as tho soil way solid 
or light. It was necessary at some places to clear oncl pile 
of its eore, and to loosen the sand into which it was serewed. 
This was effected mostly by foreing water down through 
the piles. 

It was proved by repeated trials, at the shore-end, that the 
@round was incapable of supporting more than 700 lbe. per 
‘superficial foot. Tho bearing of the piles was, therefore, 
supplemented by that of timber platforms composed of 
Linch square balks, placed round cach group of piles Yant- 
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than this admits of a too rapid descent of the ore. At a 
Jess inclination, the ore does not readily cloar itself from the 
spout. The quadrant and pinion, with hand-goar, fitted to 
the derrick frame for moving the spout horizontally over the 
ehip's hold, are most useful in trimming the ship during the 
operation of loading, Tho flow of the mineral from the 
shoot is regulated by a door at its lower end, as is usually 
done in tho shipment of coal. The door is controlled by 
means of two side chains, one on ench side of the shoot, 
worked from two oak drums fixed on one spindle working in 
two carriages in the derrick frame.] 
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wall below the centre of gravity. Walls of this description 
may almost always be noticed to have yielded at the feet. In 
the Freneh ports upon the Channel it is customary to build 
tho walls nearly vertionl in the manner represented in Fig. 252, 


Pig. 21 —Cauay Wall. ‘Pig. 292. —Gany Wall, Tayre. 
which is taken from tho quay wall of the outer harbour at 
Havre. Ths mean thickness adopted in these ports is not 
lous than 0°40 of the total height considered as unity, wad, 
strange as it may appear to our ideas upon the subject, Ws 
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the walls by moans of fascinos, timber platforms, or by hollow 
Vaulting. Tho quay at Lorient iserected upon a bed of mud 
of unfathomable depth, and in this case both the wall and 
the platform behind it are carried upon piles driven with the 
broad ond downwards, 

Guard piles ought to be placed in front of quay walla to 
protect them from the abrasion of the vessels moored along- 
wide as they rise and fall with the tide, or from the shocks of 
‘vessels driven against the walls, occasionally with consider- 
able violence. These piles need not descend below low-water 
mark of neap tides; they are usually bolted to the masonry, 
(and covered with an iron cap. In the angles of harbours, 
staircases or inclined ronds may be placed, to assist in on- 
Tonding «mall boats. The only important precautions to be 
observed in their formation are, that all external arrises be 
rounded off, and every description of projection likely to 
injuro the bottoms of vessels studiously avoided. The same 
romarks apply to all ladders, mooring rings, or other facilities 
for the mancuvros of the port, 


[The tock walls of the Victoria (London) Docks afford an 
instance of iron framework and masses of concrete in com- 
bination, similar to that employed in the construction of the 
Bruvswick Wharf, Blackwall. The piles are arranged in bays 
‘87 foot 8 inches in length, 7 feet 1 inch from contre to centre 
of the main pilos. Tho intervening space is occupied for a 
depth of 16 fect from the top by threo cast-iron plates, re- 
tained laterally by the edges of the main piles. The lower 
intorvening space is occupied by cast-iron sheot piles 20 fect 
long, three in each bay. In the rear of each main pile, 
18 feet distant from it, a timber land-tic 20 fect long is driven, 
It is connected by tie-bolis to the main pile, and the inter- 
space is oocupied by concrote walling. 

To Mr, B. B, Stoney must be assigned the merit of devoloy- 
ing to the fullest extent the capacitics of the system of eon- 

us 
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truetion of Mr. Bruntoos’ dock walls at Avonmouth, Fig, 258, 
jay be referred to. Tho walls were built in a trench, on 


teh side of which piles wore driven. Stretchers wero intra- 
need as the excavated material was removed. ‘The founda 
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section adopted for the south wall, after a failure of the 
Dank bad taken place there, are shown in Fig. 265. For tho 

. west ont, where the sand extended to 19 feet below tho 

iy, bottom of the dock, two rows of close sheet piles wero 

[gjaziren 20 foct 9 inches apart, the back row being 25 feot 
Tong, and tho front row 15 foot long. The sand was exca- 
Vated to a depth of 8 fect below the bottom of the dock, and 
‘was replaced by concrete up to a lovel of 4 foct below the 
Dotiom. At otbor places, whore the wall rests direct on clay, 
whoct piling is only driven at tho back of the foundation into 
the sand. 


‘Fig. 264.—Dock Wall, Holl. Fig. $85.—Dock Wall, Hull, 

‘The foundations of the walls of Junction Dock, at Hull, 
opened in 1829, were laid entirely on piles driven into loose 
soil, as sketched in Fig. 26, page 44. The modern practice 
of distributed foundations on concrete, in substitution for 
troublesome and costly rows of piles, as oxemplified in the 
‘moat recent dockwork at Hull, affords a ploasing contrast, 

In the construction of tho Marseillos docks, Fig. 256, the 
quay walls wore built of blocks of concrete on a rubble bane. 
At a depth of 19 fost 8 inchos below low water a rubble em- 
bankment is formed, having a base about 28 fect in width, 
with slopes of 2 to 1, On this foundation a wall, consisting 
of four conrses of blocks of concrete, is built, Kackcourse \e 
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there was only 8 feet of gravel on a substratum of clay the 
clay moved, and the wall slid forward some inches. The 
walls of Jooks, fortified by inverts, do not slide. he in- 
forence is that if a mass of concrete or other heavy deposit 
‘wore Inid in front of the wall at tho base the wall would not 
movo ; or if » wall be woll founded on a wide base of rabble, 
like the wall at Marseilles, to provide a non-slipping founda- 
tion, wanting the pile of rabble backing thas applied, the 
conditions of stability would be met. 

This argument leads to the consideration of two illustrative 
instances in point. Mr. James Barton's quay at Greenore, 
Fig. 267, has a total height of 47 feet 6 inches ; it is 16 feot 
wide at the base and 7 feet 9 inches wide at the top, with a 
batter of lin 9. It is founded 21} feet below low water; 
thero is a rise of tide of 16 foot, and the top of the wall 
stands 10 fect above high water. The bottom generally 
consists of sand and gravel, but there is a short length of 
rock. The ground was dredged to a dopth of about 4 feet, 
and the bottom wan levelled by divers as the work pro- 
eooded. The wall was facod with concrete blocks, weighing 
84 tons, laid header and stretcher. The blocks were 8} foet 
deep for the two lowermost courses, and 3 feet deep upwards ; 
the width of the wall was alternately 4 feet 2 inches and 
2 feet 10 inches. Tho back of the wall was built of soft 
conerete in bags, each containing a cubic yard; the use of 
which wag initiated in September, 1870, The bags were 
dropped from skips throngh the bottom, which was oponed 
for the purpose, and adjusted by divers. Tho bags fitted to 
each other and to tho hoarting of soft concrete which waa 
deposited from skips without bays. At the too of the wall, a 
protecting body of blue clay puddle is bedded, 2} feet doep, 
to prevent the escape of sand, covered by a layer of rubble 
stones 2 foet deep, extending 16 feet in width from the faco 
of the wall. Mr, Barton considers thut tho face of the wall 
might very well have boon constructed of bags of concrete, 
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be Iaid in thin courses well rammed, When gravel is ox- 
cavatod a backing of thin concrete relieves the walls vory 
much of undue prossuro from freshly doposited backing 
material. 

To prevent access of tidal water under tho aprons of locks, 
‘where arched inverts have boon disponsod with, it has been 
customary to drive rows of sheet-piling at the outer and 
inner margins of tho apron, and across the apron at the 
pointing sill, down to the solid substratum. Thus the 
passnge laterally of subterranean water is prevented, But 
many Jocks and docks are now built without any shoot- 
piling, on a mass of conereto stepped down lowor at 
pointing sills, to effect the samo object as that of sheot-piling, 
mimely, to do away with a straight horizontal joint under 
the work, and to cut off tho water, and also to support tho 
‘weight of the gatos. 

‘Tho application of hydraulic power for moving gates and 
Bwing-bridges at docks is very generally resorted to. But 
‘At is not to be taken as of universal application, for it would 
‘be quite inexpedient in a dock where the trade is small and 

‘the opening of tho gates infrequent, or in the case of a swing- 
|) bridge that is opened only once or twico a day, Whoro 

is a largo traffic, it is a great advantage to bo able to 
n the gates in a minute and a half, especially in spring 
tides, when the tides romain only for a short time ona lovel; 
‘and frequently, from there boing a pressure of shipping, it is 
Of the grontest importance to work the lock to the latest 
moment, Another useful application of hydraulic power is 
0 work capstans on pi i 
thirty or forty mon to work 
avoided by tho substitution of hydraulic machinery. 
An oxcellent typical example of docks dosigned and con- 
itructed according to modern practice is well doseribed and 
illustrated by Mr. L. F. Vernon Hareourt—tho New South 
Dock in the Isle of Dogs, forming part of the West tndia, 
x2 
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tho surface of the quay is 6 fect 10} inchos above this 
level; making a total height of 34 feet 10} inches. On 
tho north side of the dock there aro sixteen jettios, afford- 
ing accommodation for 82 vessels. Down the centro of tha 
dock a line of buoys, one opposite each jetty, is laid for 
the purpose of mooring the vessels, Tho dock walls, 
Figs. 268 and 264, are of brick, built hollow, and filled with 


concrete, They aro built on a foundation of concrete, 
varied in thicknoss according to the nature of the soil. 
‘The total thicknoss of tho wall at the base is 18 feet. Tho 
front, the back, and the cross walls aro of brick, bonded 
With hoop-iron. The front is 94 feet thick, the cross walls 
2 fect 4 inches thick, and 10 feet apart; and the back 
14 inches thick, its function being chiefly to keep the 
concrete filling in place until it becomes consolidated. Tho 
face-work is bnilt of bost picked London stock-bricks, and 
the reat of the brickwork of ordinary stock-bricks. The 
wall is coped throughout with Bramley Fall Stone, 18 inches 
thick and 8 foot wide, dowelled with glate dowdls, & won’ 
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d brickwork to 16} fect above the foundations to increaso 
strength at this placo, whore the pressure in front is 
nstantly varying with the rise and fall of tho tide, and 
fhere the walls are not supported, as they are between the 
jates, by an invert. 
| For the purpose of emptying and filling the lock, and also 
x lowering the level of the water in the basin, there aro 
in the walls on cach side, at both pairs of gates, in 
m to the slnices in the gates themselves. Tho inlets 
each sluice-way are four in number, placed in the gate- 
cesses and on a level with the gate-floors, These open into 
main sluice-ways, which aro 5 feot wide and 7} foot 


tz hry *" 
Fig. 293. —Leck | New South Dock, 
gh and are ovor-archod ; and thoy lead to the two outlets 
{the invert on each side, Beyond the entrance-gates, thero 
four outlets on onch side, distributed along the walls, 
d so serving to clear away any mud which might bo 


h Staffordshire bine bricks; the sidos and tops of the 

and ontlets are of Bramley Fall stone ; the bottoms of 

sluice-ways throughout are paved with this stone; tho 

oves for the shuttles, of which there are two in ench 

way, are also linod with it. ‘The gates, sills, hollow 

and chain-passages are the same as those for tho 
already noticed. 
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divided into compartments, forming permanent nir-chambers, 
je Or floats, of a capacity sufficiont to prevent the dock from 
Sinking whon the lower compartments aro filled with water, 
and to maintain the decks of the side walls at a level of from 
6 to § feot above the surrounding water. Mr. Rennie con- 
); Bidors that these air-chambers aro essential to the safety of 
An iron floating dock. The general dimensions of tho two 
docks sre as follows :— 


Cartagena, Ferro 
Tongth, . . 6 « S24 fect, 350 foot, 
Breadth. . . 2 + 105 y 
Height of Outsido. 4 4 48 


Tho basement, or lifting chamber, is, at Cartagena, 824 foot 
ong, and at Ferrol 350 fect long; tho breadth is 105 foot, 
‘and the depth is respectively 11} fect and 12) feet. It is 
made of §-inch boiler-plate, and is divided longitudinally into 
two equal parts by a plate-iron bulkhead §-inch thick. Each 
| of those halves is divided by transverse bulkheads into ten 
| equal compartments at Cartagena, and eleven at Ferrol, 
making respectively 20 and 22 water-tight compartments, 
Each of these chambers is subdivided longitudinally into two 
eowpartments by a partition which is perforated, so as to 
mit of a gradual flow of water transversely in the event of 
dock suddenly listing over. The outer plating of the 
Bide walls is y%-inch thick at the bottom, diminished gradually 
to Pinch at the top. For the work of pumping, a pair of 
horizontal steam-engines drive two pairs of lift-pumps imme- 
jintely under the engine, to draw water from a common pipe 
punicating with all the chambers. On the onds of those 
pines are fixed the sluices of the inlet for filling the chambers, 
and on the sides there are smaller sluices and pipes in com- 
munication with onch chamber. By opening all the slnices, 
the chambers are filled ; and on shutting the inlot sluice with 
the engines at work, one or many chambers may bo dis- 
charged, Tho wholo power of tho engine may be dixecked 








GRAVING DOCKS, 


5 d with those in tho floating dock ; and is intended 
2 Feceive vessels, after they have been raised by the floating 
‘bck, from the dock into the slip by moans of hydraulic 
jBwer. It is estimated that six vessels may be building 
f ‘be under ropair at the same time, besides ono on the 
onting dock. 
Vessels of from 4,600 tons to 5,600 tons can be floated by 
fis dock. ‘The largest vessel which has been docked [1871] 
Cartagena is the Numancia, iron-clad, $16 feet long. The 
ught of the dock with this load amounted to 11} feet, with 
depth of 74 feet of water in the basement, and 7 feet 
inches in the middlo chambers, amounting to a weight of 
OO tons. The distributed weights were, then—dock, 
400 tons; water, 800 tons; ship, 5,600 tons; total, 
10,800 tons. 
The dock when hauled out, empty, sunk to a dopth of 
7 feet in 1 hour 25 minutes after the sluices were opened. 
{t was lifted, with a ship aboard, in 8 hours, 
| The floating dock cost between £160,000 and £160,000, 
yr about £86 per ton of its gross weight.* 
| The ingenious arrangement of Mr. Edwin Clark, by which 
vessel is raised ontirely out of tho water by hydraulic 
and subsequently, with its pontoon, floated into one 
if m serics of shallow docks above quay level radiating from 
{he Lift, is admirably adapted for a tideless sea. Tho Thames 
Graving Dock was constructed on this system. ‘The lift is a 
lirect mechanical appliance for raising the vessel by means 
f yortical hydraulic presses, It consists of two rows of 
past-iron columns, 5 feet in diameter at the base, 4 feet above 
é ground level, and sunk into the ground about 12 feet. 
two rows are 60 fect apart, and tho columns of each row 
20 feet apart. ‘hero are 16 columns in cach row, making 
* Seo Mr. G. B. Rennic's paper on the ‘Floating Docks for Car- 


‘and Furrol,"” in the Proceedings of the Institution ef Gicik En- 
vol, xxxi. p. 206, 
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a length of 810 feet to the dock. The rows are placed) 
on each side of the excavated lift-pit in 27 feet of water, 
10-inch hydraulic press is enclosed in each column, wil 
length of stroke of 25 feet. The presses ara conneciel 
pairs, ono on each side, by chains to cross girders, 169 
of which lie at the bottom of the pit, when the presses) 
lowered. They form a large platform or gridiron, wh 
can be raised or lowered as required, with a ship in it.] 
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ras taken up by the springs in their underground course may 
bo given off in this manner, and even many sabstances in a 
state of chemical combination may become separated. It is 
not, therefore, always true that the nearer the source tho 
puror is the supply; but, on the contrary, so much do watora 
often gain by exposure to the atmosphere, that many physio- 
logists aro of opinion that river waters are preferable to thoso 
obtained from springs. 

The extent to which waters aro improved by exposure to 
the atmosphere must naturally depend upon the nature of 
the impurities they may contain, Thus the carbonic, and 
sometimes the sulphuric acid gases, aro parted with onsily, 
and tho earthy carbonates deposed; but tho sulphates of 
limo and the chlorides of calcium and magnosium aro re- 
tained much longer. Often the distinguishing elements of 
two streams may be traced for a considorable distance below 
the point of conflucnce; and, again, it may frequently hap- 
pen that the impurities contained in eithor of thom may 
facilitate the deposition of those contained in the other. The 
greatest practical inconvenience attending the uso of waters 
taken directly from their source appears, however, to lio 
in this—that they aro, undor such circumsi!aaces, certain to 
depose their earthy salts in the conduits employed in their 
distribution. Such wators as contain the bicarbonate of 
lime, or the hydrous oxide of iron, are especially exposed to 
this objection. 


Couuzettox oy Waren raow tim Scnvace ov tie Grouxp. 


‘Tho small streams collected from the watershed of a 
country most bo affected by the considerations above de- 
scribed ; that is to say, their qualities must depend upon 
the strata over which they flow, upon the organic matter 
carried into them, and their oxposure to the atmosphere. It 
toust be borne in mind, in all these discussions, oat Ww 
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} ‘M™iisload in caleulations with respect either to the average or 
_ tho minimum flow. The period of the year when gaugings 
aro taken will also materially affect the correctness of the 
Observations, because not only does the rain-full vary with 
it, but also the springs are observed to be affected at an 
interval of from one to five months, according to the nature 
of the strata, As the greatest quantity of rain falls during 
tho later autumnal and the winter months, it appears that, 
if it bo necessary to confine the observations within very 
short poriods, the most advisable course is to make them 
during tho months of September and October; for, gonerally 
speaking, the springs ure at the lowest about that period. 
Even then the indications aro vory likely to be fallacious, 
and, unless observations be carried over the whole cycle, the 
yield may occasionally fall far short of that calculated upon. 

Artesian Wells aro, in fact, nothing more than excavations 
through the overlying impermeablo stratam supposed above 
to exist upon a permoablo water-bearing stratum, underlain 
again by an impermeable one. Thoy form, as it woro, arti- 
ficial outlets for tho waters contained in the lower parts of 
the basin, and the water-line in them will depend upon tho 
bydrostatical pressure existing upon the same lower parts. 
‘This, as said before, will be influenced by the lovel of any 
natural overflow which may exist around the edge of the 
retaining stratum. The conditions of suceess in an artesian 
well depend upon the perfection of the basin formed by tho 
water-bearing stratum, so far as the mere retention of tho 
water is concerned, and upon the level of the streams flowing 
from the water-bearing stratum, so far as the height of tho 
water-line is concerned. 

‘The quantity of water to be obtained from an artesian well 
must, therefore, be regulated by the area of outerop of the 
water-bearing stratam; and that it is far from being un- 
limited is proved by what bas oceurred at London, Tours, 
and Milan. 
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re accurate observations have been made, it appears that 
‘Toally the average daily consumption fur every haman being 
‘is about 7 or 8 gullons, and that in summer they require 
from 20 to 80 per cent. more than in winter. Municipal 
‘requirements vary, of course, according to the habits of the 

. country, but they rarely exceed 10 per cent. of the totul 

feonsumption ; and ordinary trade purposes, together with 
‘the inevitable waste, make up the remaining quantity short 

‘ ‘of the 20 gallons per individual per day usually assumed to 

' be required. 

The partics considered to come under the designation of 
Jarge consumers, and as such giving rise to au extraordinary 
domand for water, are manufacturers, tanners, fell-mongers, 
‘hair-washors, gluc-makers, curriers, dyers, hatters, browers, 
distillors, inns, bath-houses, and stean engines. If many such 

| exist, it will be necessary to provide especially for then; 
which, of course, would place the rate of payment upon a 

| different footing from that to be supplied to the public in 
general. 


{In proceeding to the consideration of means for effecting 

a water supply, the extent of the drainage area is ascertained, 
| and the amount of rainfall is arrived at, by taking tho 
average of the observations for a number of years in the 
neighbourhood. ‘Lhen, the quantity of rainfall that can 
be collected into any reservoir which it is practicable to 
make in tho district, is to be considerod. Assuming the 
caso of a district whoro a reserveir can be constructed, 
capable of storing nearly all the water that can be collected, 
the capacity of tho reservoir should be proportioned to the 
population to be supplied. Its aroa is froquontly about oné- 
twentieth part of that of tho watcr-shed. It is almost im- 
possible by means of revervoira to govern the vast floods 
that occasionally oceur ; and as those will happen, sooner of 
lator, when the reservoirs aro alroudy filled, as a mother oh 
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sandstones, hard-burnt bricks, or the argillo-calcaroons stones, 
bedded, whore necessary, in powerfully hydraulic limes, or in 
coments, or iron, protected from the immediate chemical 
action of the water, are unquestionably the most advisable 
materials to be used in forming the faces immediately in 
contact with the water. The positions of the inlot and outlet 
pipes should bo arranged in such a mannor as to insure a 
constant flow through the body of water in the reservoir; 
and precautions chould be taken to keep back any impurities 
ewhich might be introduced, by cither forming depositing- 
‘wells under the inlet-pipes, or by placing gratings or filters 
over the heads of the outlets. 

‘The other accessories to reservoirs intended to hold waters 
for town distribution are simply—1, the valve-pit, placed ata 
small distance from the outlet through which both the pipes 
are made to pass if possible: it is formed for the purpose of 
working and examining the respective valves by means of 
which the water is admitted to or excluded from the reser- 
‘voir or the pipes, as the case may be; 2, the overflow-pipe, 
waste-weir, or other provision for regulating the height of 
the water; 3, the scouring or cleansing-pits, with a dis~ 
eharge-pipe placed at such a point as to allow the whole of 
the water to be drawn off if requisite; and, 4, means of access 
to the bottom of the reservoir, It is desirable, and practi- 
cally it is almost always so arranged, that the outlet-pipe be 
#0 placed, that a certain depth of water should always be 
retained, excepting when the cleansing-pipe is opened. The 
object proposed by this arrangement is to allow a more 
effectual deposition of the mechanical impurities of the water, 


[In constructing the dams of reservoirs, the system usually 
followed is to excavate the ground toa depth sufficient for 
removing from its area all material of a boggy, peaty, slip- 
pery, or compressible nature, as well as any silt or earth, 
whieh, when acted on by water, is ikely to ron into & quid) 
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Pheakage of water along the surface of the pipe or culvert 
‘itself, by the unequal pressure of the embankment, and by 
the unequal settlement to which it is liable at the place where 
it traverses the puddle trench. Naked cast-iron pipes, thus 

{ exposed, are peculiarly linble to fracture if they be only sur- 

| rounded by puddle; and, if they be commanded by a valve 

at the onter ond, being thus constantly and nocessarily full 
| of water, the risk of damage is evidently greater than when 
the shut-off valve is placed at the inner end of the pipe, But, 
| even where the pipe is carried through a culvert of masonry 
or of brick, the culvert itself is exposed to the strain of unequal 
settlement at the centre where it crosses the paddle trench, 
In the opinion of Mr. A. R. Binnie and other engineers, 
the best method of providing an outlet, and at the same time 
obviating tho risks of failare above noticed, ix to design the 
embankment so that it can itself settle, and may compress 
the ground on which it stands, without either doing injury 
to itself or to any other part of the work, and to design the 
outlet in such a manner that it shall be perfectly under con- 
trol, and that any leakage from it will not injure the embank- 
ment, For the attainment of these objects, tunnel-outlets 
have been constructed, formed of masonry or of concrete 
and iron, placed in a drift or adit, which has been regularly 
mined. The course of the tannel is carried either round and 
clear of the end of the embankment ; or, if passing under any 
part of it, it is situated at considerable depth in the solid 
tock below the base, not only of the embankment but also of 
the puddle trench. The flow of the water through the tan- 
nel is generally regulated by a valve-tower in the reservoir 
at the inner end of the tunnel, or by valves built in a well 
situated about midway in the length of the tunnel, and quite 
clear of the embankment. Tho first is the botter system, an 
it provides for shutting off the water from the whole length 
of the tunnel, when the tunnel is required to be clear for 
inspection or repair.) 
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FILTRATION FOR WATER SUPPLY. 


[Pox large towns whore filtration is necessary, by the system 
generally adopted the water is filtered downwards, passing 
by its gravitation through Jayors of sand and gravel. For 
this purpose shallow reservoirs are constructed, of which a 
e@ommon form is shown in section, Fig. 274, usually lined 


with brick, with inclined sides, and a floor noarly flat. 
Drains oro formed on tho floor and aro covered with 





filtering material to a depth of about 4 feet. At the top 
there is a layer of 2 feet of course granular silicious 
sand, insoluble in water, of the size of bay salt; next there 
is a layer, 6 inches deep, of conrso sand or of fine gravel about 
the size of peas and beans; thon a 6-inch layer of coarser 
#ravel of the size of walnuts; and at the bottom a layer, 
inches thick, of rubble stones about the size of potatoes and 
turnips, surrounding and covering the drains. This filter is 
cleansed from time to time by removing a few inches of the 
upper stratum of sand, which after haying boon weehed coo, 
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Which lime is held in solation by the excess of carbonic acid 
of part of the chalk, thereby softening the water. Any sub- 
Stance which attracts oxygen to its surface and renders it to 
organic matter, destroys the organic matter, and renders the 
Water puro, This action is, to some extent, set up in the 
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Pig 76. 
Miter Beds and Puro-water Tank, Leicester Waterworks, 

The arrangement of filter-beds and the pure-water tank 
of the Leicester Waterworks, designed by Mr. Hawksley, aro 
illustrated by Figs. 275 and 276. Before filtration, the water 
hholds in suspension a perceptible quantity of muddy matter, 
and is also sensibly brown from a little peat and other organic 
matter found on the surface of the watershed from which 
the water is derived. After filtration, the water is completely 
frocd from matters in suspension, and is gonerally deprived 
of colouring matter, though in the worst seasons there is 
sometimes a alight discolouration. The water is brought 
from a large storage reservoir, about 40 acres in extent, into 
the filter-beds, fourin number, in separate channels, so that 
either filter may be cut off and cleaned withont disturbing 
the action of the others. The filter-beds are each 99 feet 
long, 66 fect wide, and 8 feet 8 inches deep, They hold 
sand to a depth of 2} fect, upon 2} feet of gravel, varying, im 
size from that of beans to that of oggs. ‘The water Teen 
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was 60 difficult to cloanse the gauzo from the animalcules, 
iat ho ultimately resorted to the covering over of tho reser- 
bir. This was effected without emptying the reservoir by 
fecting vertical pillars supporting cross beams, on which 
trge flags were placed. As the work progressed the eon- 
frye beneath the covered parts gradually fell to the bottom, 
fad by the timo it was finishod thoy bad entirely disappeared, 

hilst the water bas been delivered in a puro state ever 
nee. 

The growth of conforvm is peculiar to shallow waters. In 
thks of from 15 feat to 20 foot deep they are not generated. 
{he servico reservoirs of the Manchoster Waterworks, which 
fe lined with bricks throughout, are 18 feet doep at one end 
fd 20 feet deep at the other end. They are kept constantly 
Wed to within a foot or two of the top, and no vogotation 


ppenre upon them. 








CHAPTER IV. 
MODE OF DISTRIBUTION OF W 


Waen the source of supply shall have be 
it becomes necessary to consider the s: 
to be adopted. Formerly, in almost all 
was effected by what is called the int 
which the water was supplied from the n 
or less number of days in the week, and 
domestic use in tho intervals. This sy 
London and in many other towns. Of} 
cipally by the influence and authority j 
name of its most zealous advocate, M 
all dispute the ablest engincer practising 
of the profession connected with the dis 
system known by the name of ‘the coi 
sure” has been introduced. It consist 
supply, that not only the mains but al: 
are always charged day and night, : 
usually such as to insure the delivery of 
level in a town at which it can possibly 
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Tn the houses of the rich, somo preeautions are taken to re- 

move cisterns from tho soot and filth of our town atmosphere, 

to place them beyond the immodiate effects of the variations 

of temperature. Bat it is far otherwise with the houses of 

Tarnow? adnon Wilew tof all the poorer classes; and in 

of an intermittent supply ; and mstauired for domestic use 

Pipes loading into the houses and distribithny cannot fail 

houses, although porfectly competent to bear the presi’ 

the intermittent supply, will not bear that of the constant 
Supply when it becomes introduced in place of the inter- 
mittent supply. From this it follows that, wherever the con- 
stant supply has been introduced, either voluntarily or by the 
[pressure of tho legislature, it has been found necessary to 
jadopt rules and regulations for determining the magnitude 
jand thicknoss of the pipes, also the mode in which the pipos 
jBhould be united, and the kind of tap and ball-cock and 
wvater-closct apparatus to be used in connection with the con- 
stant pressure, 

‘The rales and regulations, Mr. Hawksley proceeds to state, 
now found to be necessnry, and very generally adopted, ara 
teduceil to writing. Formerly, universally, and still in most 
eases whero tho intermittent supply is used, a common 
plug-tap is applicd. This has the effect, on rapid closing, 
of suddenly arresting tho column of water in the lead servico- 
Pipe, and givos rise to two or three violent reactions, In 
Hime, the lead pipo expands into a sort of ancurism, and ulti- 
| mately bursts by a long slit, exactly as an artery under simi- 
lar circumstances bursts in the human body. Thus the intro- 
duction of a constant supply leads to the flooding of houses, 
| damage of farnitare, and destruction of property in many 
}ways, But that has been entirely got over, and a cure 
| catablishod by the introduction of a screw-down cock in liea 
of the old plog-tap. This closes slowly agninst the pressure 
lof the water, and provents resoil. Also, by reason of the 
| looseness of the face, the leather which ia interposed for Yue 
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Mr. A. R. Binnie* communicates the results of experi- 


through the pipes. A lead pipe, 2 inch in diameter, 
114 feet in length, was connected at one end to a inch 
jupply main. At the other end there was fixed a plug-cock 
having an effective sectional area of 162 equare inches of 
Waterway. The pressure of the water in the pipe was indi- 
tated by a gauge connested to the pipe near to the tap. Tho 
Endicatod pressures were as follows :— 
«125 Tbe. per square inch. 
pen © + » 201be. » 
Whansbui quickly . . . 660lbe 9 
The momentary exaltation of the pressure to 650 lbs. per 
Square inch, amounted to nearly four and a half times the 
Normal pressure, or the pressuro at rest. But it was gradu- 
lly reduced in successive oscillations to the normal pressure 
of 125 Ibs. per aquare inch. Tho pressure-gaugo was then 
smoved to the other end of the lead pipe at tho inlet, at a 
Wistance of 114 fect from the tap, when the indicated pros- 
ures were as follows :-— 

"Before opening ++ 125 The 
Peete gd tk + 120%bs 
When shut quickly 

Mr. Binnio mentions, in contrast, two instances at Oxford 
find Cambridgo, of economy of water realised under the con- 
service by the adoption of sufficient fittings ; and waste 


The water supply at Oxford under constant service, available 
fo the consumer in any quantity, is consumed at the rate of 
Pipes Sate ree beat per day. On the contrary, at Cam- 

» where the water supply is intermittent, lasting for 
10 hours each day, the consumption and the waste together 
amount to 80 gallons por head por day.] 

« “Chatham Lectures on Water Supply." Seakon ETI. 

% 
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At Toulouse, the wheels are 14 feet 5 inches in diamotor, 
5 foot on the face, with a full of about 7 fect 6 inches; they 
are two in number, and raiso about 896,000 gallons por day 
to n height of 67 feet above the water in the woll. 

In most of tho largo towns of England wherein it is 
necessary to employ mochanical power to raise the water, 
steam-engines are generally used, for the reasons before 
mentioned, or because the water power of the locality has 
been already appropriated. Until within a very recent 
period it was considered that when the power of the engine 
was required to exceed from 20 to 25 horses, the description 
of engine known as the Cornish engine was the most advan- 
tageous; but the results of the observations lately made npon 
the working of the double-action engines erected by Messrs. 
Simpson for the Chelsea and Lambeth Companies, and by 
‘Messrs. Bolton and Watts for tho Now River Company, would 
appear to reopen the controversy with respect to the morits 
of tho various systems of pumping-ngines. Below tho limits 
above mentioned there is, however, a decided advantage in 
using the most direct-acting engines, both in respect to first 
cost and to subsequent working ; or even in using small hori- 
zontal engines with fly-wheels, communicating motion to 
shafts benring the pump-rods. In the case of the Cornish 
engines, or rather in any caso wherein it may be necessary 
to raise large quantities of water to great heights, the most 
favourable conditions of movement in the pumps are, that 
they should begin by raising the load rapidly, and that when 
the first motion is perfectly determined, the effort used to 
move that load should be diminished progrossively ; so thnt, 
in fact, the motive power shall cease to act before the piston 
shall arrive at the end of the stroke. This is effected, in the 
Cornish engines, by introducing steam at great pressure upon 
tho piston, through large orifices; the steam is then allowed 
to expand directly the inertia of the water has been overcome, 
and it has assumed an ascentional movement, whieh way we 
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is roached than in the Commish engine, The seco 
ment consists in the prevention of « banging" j, 
of a valve not closing, or of a Pump-barrel by 

















Muin from Belvo- 
dero Road to 
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to Brixton. ..... 
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Mr. Hawksley's goneral formula for tho yelocity of flow 
of water through pipes, is as follows :— 


v= 
V = the velocity, in yards per second. 
1 = the length of the pipe, in yards, 
@ = the diamcter of the pipe, in inches, 
Am tho head, in inchos, 


‘The same engineor employs the following formula for tha 
yolocity of water in a smooth pipe of small and uniform 
diameter :— 


‘ 


V = tho velocity in feet per second. 
1 = the length of the pige in feet. 
d= tho diamoter of the pipe in foe, 
A= tho ead in foot.) 


z3 
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Tho pipes from the pumping stations to the distributing 
Teservoir (and, generally, all pipes required for a town dis- 
tribution) should be laid about 4 feet below the surfaco, and 
earofally coverod with carth and sand, or some non-conduct- 
ing materials. Tho object of this precaution is to protect 
them against the offects of frost, to maintain an oqual tem- 
perature in the waters, and to placo them beyond reach of 
injury from shock or jar by passing weights. In some por- 
tions of the distanco between the two stations it may also be 
advisable to insert double lines of pipes, and to make occa- 
sional connections between the two, in order that, in ease of 
repairs to cither of them, the flow may be maintained through 
tho other, 

Those remarks have necessarily been confined to the con- 
sideration of tho cases in which water is raised from a lowor 
level and pumped through pipes. If the source, however, 
be situated at distance, and at a higher Jevel than the com- 
mencement of the distribution, the course to be adopted must 
necessarily be modified. In such cases, if no very serious 
Obstacles nre to be met with, it is preferable that the water 
bo led in a conduit rather than in a pipe; for evidently the 
friction in tho latter is much gronter, and the height of tho 
point of arrival diminished in proportion. Such conduits 
should bo covored in all situations where the quality of the 
water is likely to be affected, as in the neighbourhood of 
large towns, or during their pasenge through forests and 
underwood; or, again, in warm climates, whore the temporn- 
ture not only acts injurionsly upon the quality, but also gives 
rise to an evaporation of a very serions character, But if tho 
conduits be so covered, there must still be adopted precan- 
tions for insuring a perfect ventilation and occasional renewal 
of the air; and in the Roman aqueducts, wells also were 
formed at occasional intervals, to allow of the deposition of 
any matters in suspengion. 
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caleareous matter which has gradually accumulated by pre 
cipitation from the waters, although great paixs had proviously 
boon taken to insure their purity, 

‘Tho most sorions diflienlties which are likely to be encon 
tered in the construction of conduits, are those arising fros 
tho occurrence of hills or deep valleys in the line they onght 
to follow. The former, if of considerable elevation, will m 
quire to be traversed in tunnel; the latter may be parse! 
either by aqueducts, or by syphons descending from a rosen 
voir on one side, and remounting to a second at a lower level, 
‘on the other; the conduit recommences from the secon! 
rosorvoir. 

It was the dread of the deposit from tho waters of the 
Durance which induced M. de Montricher to adopt tho mode 
of conducting them to Marseilles, which be finally did; and 
he was induced by the samo motivo to construct that splendid 
folly, the aqueduet of Roquefavour, shown in Fig. 278. At 
the Liverpool Waterworks Mr. Hawksloy adopted tho les 
showy systom of subterranean pipos, which, it may be added, 
is usually followed by English engineers; for, working at 
they almost always do for commercial companies, they aro 
not often allowed to indulge tho fancy for erecting compara 
tively usoless monuments, 

The dimensions and form to be given to tunnels mus 

necessarily be regulated, so far as the mi 
) nimum is concerned, by the consideratiat 
that tho workmen must be able to ne 
tho various tools, and to push to the 
extraction pits the materials disengaged 
daring their operations, ‘The nature of 
the rocks traversed will also affect the 
sectional area of the exeavation ; for if it 

Ye. 70 Meding. be of a nature to render lining indie | 

pensable upon the sides and top, as wall as for tho waler | 
nnel itself, the dimensions eventhy xo. We wuex 
ner can work with \clonble etheieney mw 
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hed openings for discharging tho water. Throo of the 
ices have a clear width of 4 fect, and a height of 4 foot. 
ar of them aro 6 fect wide and 2 foct high; and tho 
gaining four are at the upper end of salmon stairs, formed 
allow the fish to get into the loch at its difforent levels. 
@ salmon stairs are ench 6 feet wide below the walls, and 
fe a genoral inclination of 1 in 12. Theso sloping channela 
| formed into a succession of deep pools by means of planks 
edge placed across the channel, over which the water 
ls. The height of the plank is varied as the levet of the 
ter in the loch changes, 60 as to keep a constant overflow 
‘a depth of from 15 to 20 inches. ‘The top of the dam is 
(fed over, forming a sluice-house for protecting the working 
ir. The waste-weir of the loch is 160 feot wide, and ix a 
itinuation of the masonry of the dam across the top of the 
river channel. Tho raising of tho level of the loch 
olved the diversion of several roads. At the upper end, 
‘ere the ground is level, about 150 acres of meadow land, 
own as Lanrick Mead, are under water when the loch is 
|, The cost of these works amounted to about £26,000. 
Lock Drunkie has been raised 25 feet in level by menns of 
0 earthen embankments, puddled in the usual manner, 
Hat the aroa of tho loch has beon increased by about 
acres. The northerly embankment is 150 yards long and 
foot high. The other embankment, which was constructed 
tho original outlet of the loch, is 40 yards long and $2 foot 
height. A cast-iron pipo, 24 inches in diamoter, is Inid 
ough this ombankment, fitted with a valve at the outer ond, 
rogulate the rate of discharge. 

Tho works at the outlet of Loch Katrino are similar to 
(0 at Loch Vennachar, but they are on a much smaller 
Je, as the quantity of water to be discharged from that loch 
less than from the other. There aro two sluices 4 foot 
fo and 4 fect high, and two salmon stairs 6 foot wide in 
‘masonry dam, and a waste-weir 100 feet in longs. 
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ds per month, or 7 inches per day. The boroholos 
1} inch in dismeter, and their ordinary depth was 


‘SECTION OF ENTRARCETO TUNNEL 
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inches. ‘The drills required to be removed at every * 
of depth, and the time oceupicd in drilling » hole Woe 
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(with a batter of S inches to a footat cach sido. Tho deeper 
# of tho valleys are crossed by cast-iron tubes, Fig. 288, 
8 foot wide by 64 feet high inside, supported 
on picrs at intervals of 50 foot. The bottoms 
and sides aro of j-inch plates, and the tops 
aro 7-16 inch plate stiffened by angle irons, 
‘Tho level of tho bottom of the tubes is 8 feet 
below that of the troughs, Tho tubes can pass 
50,000,000 gallons per day. At the Se 





of small mountain streams, the aqueduct is 

carried in cast-iron troughs like those already 

iloseribed, supported on cast-iron beams over 
the stream, 

Siphon pipes aro laid to cross the valley 

® of tho Duchray Water, about 1,210 yards wide. 

¢ Small basins are formed at each end, from which 

the pipes proceed. These are 4 foet in dia- 

meter, in 9-feet lengths, with spigot and faucet 

joints, ran in with lead in the usual way. At 

tho lowest point, the pipes are under a prexsure 

of 166 fot. Tho rivor is crossed by cast-iron 

girders of 60 feet span. Provision was made 

for laying two additional lines of pipes, ono 

of 4 feet and the other of 3 feet in diameter, . 

oa the ridge of Old Red Sendsvone eon 
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Manchoster Waterworks, This costing, when properly 


|, at least fur a number of years, oxidation of the metal, 

At the Mugdock reservoir, the water is firat discharged 
Rnto a basin, from which it passes over east- 
gauge-plates, 40 foot wide, brought up 
a thin edge. The depth of water pass- 
‘Bbg over these plates is regularly recorded, 
‘mpd the discharge computed. From the 
Basin, tho water falls intoan upper division 
“@f the main reservoir, about two acres in 
@xtent, and thence it is discharged into the 

| amnin body of the reservoir. 
‘The reservoir has « water surface of 60 
eres, and a depth, when fall, of 50 feet. 
Ft contains 548,000,000 gallons, and is 
317 feet above ordnance datum, The re- 
#Servoir was formed by means of two earthen 
embankments, of which the principal em- 
Wankment, shown in section, Fig. 290, 
Bs 400 yards long and 68 fect high; and 
‘tho other, or castorly, ombankment is 240 
ards long and 60 feet high. Each em- 
Dankment is made with a central puddlo 
wall, and is pitched on the front slope. 
‘The water is drawn from the reservoir 
by pipes laid in o tunnel through the hill 
hetweon the two embankments. At the 
Gnner end a stand-pipe is arranged so that 
water can be drawn at various heights. 

About 50 yards from the reservoir, tho 

water passes into a circular well cut out of the rock, 

40 feet in diameter and 68 feet deep, where it is strained 

throngh copper-wire cloth, The wire-cloth contains 40 meshes 

to the inch, arranged in oak frames, forming on ioner WO, 

aA 





GLASGOW CORPORATION WATERWORKS, 631 


‘That the large stop-valves might be worked easily by one 
man, they were divided into compartments, on a principle 
Proposed by Sir W. G. Armstrong, so subdivided that one 
compartment-valve could be easily worked at a time by one 
man. When tho smaller division is first openod, the passage 
‘of water through the oponing so much relioves the pressure 
ou the slide of the larger compartment, that it also can be 
opened with ease. The total area of opening through the 
valve is something less than the sectional area of the pipe; 
and it requires 1 foot head of pressure to pass the quantity 
of water that the pipe was designed to deliver. Valves of a 
dinmeter greater than 16 inches are of this construction. 
For 86-inch pipes, of which the sectional area is 7 square foet, 
the clear water way is 4} square feet, and the emaller slide 
thus an area of 1 square foot, that of the larger slide being 
By square fect. The water passes through the contraction 
at the speed of 6} feet per second, to correspond with the 
normal velocity of 4'4 feet per second in the body of the pipe. ~ 

‘The consumption of water per head per day in Glasgow, 
amonnted, in 1888, to 26 gallons; in 1846, to 80 gallons; 
in 1852, to 85 gallons on the north side, and $9 gallons on 
the south side. In 1868 the consumption reached to 42) 
gallons por head per day. It was considered that, of this 
amount, 15 gallons was ran to waste. 

‘The total cost of the works was as follows :— 

Works at the Leche 
‘The Aqueduct, 26} miles in ‘Yongth 
Mugdock Reservoir 
Main pipes, 26 inches in diameter’ 
Distribution in the city 
‘Total for works 
Tand and compensation 
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may be divided simply into two classes, the porous and the 
impervious. Tho former comprises all those consisting of 
Tooso materials which absorb water easily and allow of its 
passing freely, such as gravel, sand, loamy clays, and the 
comminuted uppor strata of most of the limestone formations, 
‘Tho latter consists of stiff blue clays or of the plastic clays 
found in such abandance ; of some kinds of gravel cemented 
by argillaceous, calcareous, or ferraginous materials ; and of 
such limestone, sandstone, or granitic rocks as present a 
close grain without any fissures. No regular order of super- 
position of these classes of strata exists in nature, and from 
their complication arise the grentest difficulties in drainage. 

Tn such cases as those in which a pervious stratam lios 
upon an impervious one, the water falling from the clouds 
permeates the former until it meets the latter. If, then, no 
escape be furnished by some natural overflow, the water must 
aeourmulate in the lowest depressions, until the hydrostatic 
pressure of that in the higher portions forces it to the surface 
in any lower ones whose conditions of lovel may be such as 
to allow of its rising. It may frequently happen that a 
natural overflow oxists at a small distance from the surface, 
bat not at such a depth as to prevent the existence of great 
moisture in the main body of the stratum, although no 
external indication beyond the character of the herbage may 
indicate the moisture. The great objects, therefore, in all 
drainage are, not only to remove the surface waters, but 
moro particularly to cut off the subterrancous waters, which 
either rise to the surface or are confined beneath it, 

The removal of surface waters is a comparatively simple 
oporation, for it may bo effected by drossing the land into 
ridges, and giving these an outfall into « drain or diteh all 
round the ficld, The ditch itself would pour its waters 
into any natural course, and the latter may at any time 
be enlarged or improved by observing the principles 
regalating the flow of water in open channela whready 
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not only according to the configuration of the country, but 
also according to the greater or less degree of permeability 
of the materials. In precipitous mountain districts the rain 
flows off with comparative rapidity, merely from the inelina- 
tion of the ground, Should, however, our observations be 
alirected to particular mountain districts, it will be found that 
the discharge from granitic rocks differa very materially from 
that from the lias, the oolites, or the clay formations. From 
the granites, the rain runs off nearly as fast as it falls, for 
the materials are non-absorbent, and the subordinate outlines 
do not present any depressions likely to retain the water, 
‘The lias is also, comparatively speaking, impermeable, as are 
also the clays; whilst the oolites and the gravels absorb the 
‘water daring the period of its falling, to give it out again 
when perhaps the supply may have ceased. In fact, the 
character of the discharge from the granites, the lias, and 
the clays may be regarded as being of « torrential deserip- 
tion, whilst that from the limestones is far more equable, 
In the former districts, it appears that about 4 of the rain 
flows off in the natural watercourses, whilst in the latter 
and in the gravel the maximum quantity so flowing would 
only be 4. Again, the proportion of the rain-fall which may 
require to be carried off will differ, according to the greater 
or lens continuance of the rainy season. ‘Thus in winter it 
happens that the ground frequently becomes saturated with 
water at an early period, and it is advisable in such a ense 
that uny flood should be carried off as rapidly as it rises. 
‘The maximum quantity of rain which may fall within a given 
time becomes then a condition regulating the dimension of 
the outfall, of nearly as much importance ag the average full 
of the whole year. 

An ontfall having been secured, either by adopting or 
improving the natural facilities of the country, or by forming 
‘anew watercourse, if the source of the water deteriorating 
the quality of any land be not such an to be removed by 
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‘gurface the width ia required to be greater than at the bottom; 
‘and in practice it is found that, for a depth of about 8 feet, it 
if sufficiont to give a width of about 1 foot at tho surface and 
“of 6 inches at the bottom; for a depth of about 4 feet, those 
@imonsions become respectively 1 foot 4 inches and 8 inches ; 
whilst, for a depth of 8 foot, they become respectively 2 feet 
“inches and 1 foot 2 inches. ‘The direction of the drains 
phould be made as straight as possible, in order to avoid 
Bny interference with the discharge of the water; and they 
must be commenced by opening the lower portions of the 
district first. 

It is indispensable that « regular inclination be given, and 
that it should be sufficient to insure the flow of the water. A 
fall of about 1 in 200 will be found sufficient for ordinary 
eases, especially if the drain tiles be well laid. 

‘There are several modes of filling in drains omployed by 
agricultural engineers, the principal of which are represented 
in the subjoined sketches. Fig. 291 represents a simple and 


enw 


Fig. $02. 
‘Draiea 


economical system followed in countrios where tubes or 
stones are expensive. It consists in forming shoulders upon 
tho sidos of the trenches, and laying upon thom a thick sod 
with the grass downwards, the remainder of the trench being 
fillod in with the materials thrown ont from it, taking caro to 
reject the denser and more impermeable earths, ‘This de- 
scription of drain is economically formed, but it does not last 
for any length of timo, at least with sufficient efficacy. 

Fig. 292 represents an economical form of drain for eoun- 
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‘on tho east const of England, bordering upon the river 
(ber, the Witham, the Ancholme, the Welland, the Nene, 
the Ouse, called the Bedford Level, from the name of 
is of Bedford. The fen districts present the largest 

tof the kind in the world. They appear to have formed, 
e time, an estuary of the Wash, into which the rivers 
e-named, and also the Glen River, were discharged. In 
jorth of Lincolnshire, the fens do not extend more than 
or five miles inland. In the south of that county they 
20 miles in width, and between Lynn and Peterborough, 
hh is the widest part, they are 80 miles wide. Equal 
lh prevails for some miles further south, until the fens 
ted by the oolitic elevations of Huntingdonshire and 


making a total length of fen district of about 190 miles. 
e extent of country drained by the Wash, includes the 
e counties of Cambridge, Huntingdon, Bedford, North- 
jon, and Ratland ; nearly one-half of Norfolk, one-third 
offolk, one-half of Buckinghamshire, three-fourths of 
olnshire, and a small part of Leicestershire. The aren 
prised altogether amounts to about 6,000 square miles. 
e Bedford Level is divided into three parts, called, 
ctively, the South Level, the Middle Level, and the 
Level. Tho South Level is drained by the Onge and 
dford Rivers, which have becn variously treated. The 
Level was, for a great nambor of years, drained by 
Wisbeach outfall and the crooked course of the Old Nene 
, Whe Middle Level presents 2 much more complicated 
mm of drainage than the other levels, The principal 
ty of this arca is the Old Nono River. 
20 rivers already named form the presont water-drains of 
in districts. As fon rivers, the quantitios of fresh water 


asiderab The Ouse and the Nene are the more im- 
it drains. They rise in the same county, and, ater 
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| eovering the adjacent lands, A new channel, also, about 
0 miles long, called the Bedford or Hundred Foot River, 
wan cut, fora part of the river Ouse, from the point where 
"Denver Sluice was erected to the old channel of the Ouse at 
: where another stanch or sluice was placed for pre- 
the tide from going beyond that point, 
Vormuyden considered that, by adopting this plan, and 
wing only the fresh water to contend with, bo would got 
Tid of that powerful encmy to drainage, the tide, and would 
only to doal with the fresh water, This plan, for a 
“time, answered tolerably well, and a considerable improve- 


~ obannel of the river Ouse, which is the chief outfall for the 
) drainngo of the district whoro the Bedford Level is situated, 
| boing deprived of its accustomed and natural scouring power 
| Of tidal water, became 60 obstructed by shoals that the land 
water could not pass off to the sea. In proportion ax the 
drainage became defective in process of time, as it necessarily 
did, windmills wore erected to work scoop-wheels, with a lift 
‘of 4 or 6 feot, for raising the water out of the lateral canals 
| into the river, In 1713, Denver sluice was undermined and 
blown up by the floods, and the tide recovered to some 
extent its ancient receptacles; but the sluice was rebuilt 
| after a few years on the old system, and the drainage and 
| the navigation became deteriorated as before. he principal 
| defect existed immediately above the town of Lynn, whore 
| the river took an extraordinary bend, almost at right angles 
to its general course, for a length of 5} miles, forming almost 
® eemicirele of a diameter not exceeding 23 miles. In addi- 
tion to this diversion, by which the fall or inclination of the 
enrrent was lost, the channel was so irregular and dispro- 
| portionate in width, and so much encumbered with drifting 
sands, that the tidal and fresh waters were unable to force 
» their way throngh them. Thus the drainage waters were 
penned up above, and, being detained, they formed a tranquil 
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is 8 inches toa mile, The whole of the fen is under culti- 
vation. 

‘The district to tho south of the Witham, between Holland 
Fen and tho river, is drained by the “ North Forty Foot '"— 
a drain which was cut about tho yoar 1720—ranning parallel 
to the Witham. It discharges tho waters at the same outfall, 
the Black Slnico, as that of tho South Forty Foot. 

‘Tho eastern portion of the fons, lying to the north-east of 
the Witham, called tho fourth district—tho East Fon, tho 
‘West Fen, and tho Wildmore Fen—aro the lowest in level of 
the fens in the district. From an carly poriod the westerly 
portions of these levels discharged their waters into the 
Witham, at a point about two miles above Boston, throngh a 
sluice called Anton's Gout, and the remainder was drained 
through Maud Foster's Gout, a sluice discharging the waters 
into Boston Haven, a mile below the town, In 1801, an Act 
‘was obtained for the drainage of these feng, the area of which 
‘was computed at 40,000 acres, although at present there are 
upwards of 62,000 acros taxable by the Drainage Acts, and 
thoro is a watershed of upwards of 82,000 acres, Mr, Rennio 
was consulted, and, in 1806, he proposed and executed a 
coniplete system of drainage. Perceiving tho ineflicioncy of 
‘the river a8 a means of drainage, he proposed that it should 
bo improved by straightening its course, and increasing the 
‘eapacity of its channel. But he was forced by opposition to 
earry his main drains into tho river below Boston, Ho 
Mivided tho drains into two classes. One class was called 
*catch-water drains,” which, running along the base of the 
‘hills surrounding tho low lands, intercepted all the wa! 
tho high Innds. Those waters were conducted by the a 
water drains into'a main drain—the old Mand Foster Drain, 
which was enlarged—from which the watora wore discharged 
by a solf-scting sluice into the Witham, below Boston, Tho 
 fow-land waters, thus freed from the high-land waters, wore 
conducted by soparste drains into another main din oh 

pea 
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‘Tho land in tho East Fon, originally tho lowest in level, 
became lowered by tho thorough drainago to the extent of 
from 1 to 2 fect—in some casos 2} feot—below its original 
lovel. Tho upper surface of tho soil, full of peat and organic 
matter, was saturated with water; and as the soil has, in the 
course of years, been worked and cultivated, the organic 
matter has gradually decayed. By drainage, the soil has 
become less spongy and more compressed, and therefore it 
subsided from its original level. Hobhole Drain, in conse- 
quence, did not work so effectually as at first; and water, in 
‘wet seasons, was left for a considerable length of time on the 
Towest lands. Sir John Hawkshaw was, in 1861, consulted 
‘on the question. He proposed alternative remedies. One 
‘was, by an improvenient of the Haven, to lower the low-water 
mark; the other was to erect a sluice about the middle of 
the drain, and a steam pumping engine to lift the water from 
tho low-lovel portion of the drain at the lowest lands—that 
is to say, at the upper section of the drain—to the lovel of 
the higher level portion. As tho first alternative involved the 
co-operation of all the trusts interested, the second was 
adopted, and pumping machinery was, in 1870, erected at 
Lado Bank, a station on the upper part of Hobhole Drain. 

The works comprised—1st, a sluice or dam having threa 
‘water-ways, cach 12 foot wido, and as high as the dam, closed 
by ordinary swing-gates, in pairs. The central water-way is 
also usod as a navigation lock, having two pairs of gatea, 
2nd. Two pump-wells, each 12 feet wide, also closed by 
ordinary swing-gates, in pairs. The engine-house is built 
over the wolls, 8rd. The boiler-house, with storage for 
coals, and the chimney adjoining. In each pamp-well thero 
is a double-suction Appold centrifugal pump, having a horj- 
zontal fan 7 foot in diameter and 2 feet 2 inches deep, on 

|| an upright shaft. On this shaft, at the upper end, a bevel 
pinion is keyed, which is driven by a mortice beyil wheel on 
the crank-shaft of the steam-engine, There ia a por of 
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Tho Middio Lovel prosonts a complicated system of 
drainngo—a network of loams, drains, caus, and rivers, 
running in all directions: in some instances, at right angles 
‘to the direction of the outfall, in others in a direction nearly 
contrary. The Old River Neno—the principal artery—takes 
@ very cirenitous course. It runs through Whittlesea, Ugg, 
‘and Ramsey Meres, and thence to March and Upwell, where 
it is connected with the Ouse by a junction with Popham’s 
‘Ban and Well Creek. It bad, for many years past, been a 
Bouree of contention between those using it as a navigation,and 
the owners of lund roquiring to make it available for drainage. 

In 1842, Mr. James Walker reported on the drainage of the 
Middle Lovel, affecting an area of 140,000 acres, exclusive 
of the high lands about Whittlesea and March. With tho 
exception of these lands, tho whole of this vast arca was 
drained by artificial means. Ho proposed a main line of 
drain to commence at the upper end of the Ean Brink Cut, 
above the Marshland Sluice, to Caldecot Farm, on the west 
side of Whittloson More. It was to bo level for its whole 
longth, which was 81 miles; but it was only partially con- 
structed. It oxtonds 11} miles from the point of junction 
with the Ean Brink Cut, and commanicates with Popham’s 
Eau and tho Sixtoon Feet River, which are two of the main 
rains of the Middlo Lovel. A sluico, known as the St. 
Germains' Sluice, was built at the outéall or contluence of the 
main drain with the Ouse. 




















DRAINAGE OF TOWNS, 


and the excess of it in France, equally sources of difficulty 
in the adaptation of modern refinements. But we havo at 
least this advantage—that having done little, we have less 
to undo; and, after all, it appears to be the wisest course to 
deal with these questions as they arise, without endeavour- 
ing to restrain the freedom of action of those who are to 
succeed us, 

However, in all modern cities tho tendency certainly is to 
divert house sewage into the public drains, especially in our 
own country, There aro still many towns in which the old 
system of drainago for surface waters, and cosspools for house 
refuse, provails; but, compulsorily, they are diminishing in 
number every yor. ‘bere are somo conditions which ren- 
dor it doubtful whethor the concentration of the two systems 
in the samo discharging draii 1 desirable, at least under all 
cireumstances ; and in this, as in all othor branches of engi- 


neering, no inflexible rale can be said to exist. Owing to 
the naturo of the soil upon which a town is built, its configu. 
ration, the character of the outfall, and of the country round 
that ontfall, a course highly advisable in one caso might be 


conditions to be fulfilled. Some of these considera- 
tions will be found to apply to the diseussion of the questions 
connected with the water supply of towns, 

‘The conditions required to be fulfilled are, as before stated, 
that the whole of the surface and land waters be removed, 
and that the house refuse bo carried away effectually and 
inoffensively. ‘The lattor will depend, in quantity, upon the 
population, and tho groater or less abundance with which 
water is suppliod for domestic use. In England, it is only 
in excoptional cases that tho average number of inhabitants 
por house oxceeds 6; whilst in France and somo parts of 
Scotland it may be occasionally as many as 40. Upon a 
copious distribution of water being affected, i ia nana to 
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puthorities, who from their position might fairly have been 
expected to cxorcise greater reserve and discrotion, all the 
faltempts to apply liquid sewage manure have been hitherto 
(most nignal economical fnilures. Tho separation of the two 
¢lanses would produce in many eases an additional advantage, 
from tho fnet of the smaller soctional aroa required for tho 
Sowers, and, consequently, from the incrensed fall, or, where 
that could not be obtained, from the groater elevation at 
which the outlet might be established. 
‘The form to be given to sewers may somotimes require to 
be different from what it is at others, owing to the necessity 
hich may exist to visit and cleanso those which have not 
ither a sufficient fall or a sufficiently copious supply of water 
keep themselves clear. The only invariable rule to be 
down upon this subject is, that «* the wet contour should 
be made to bear the smallest possible proportion to the 
ectional area," for the simple reason that the friction is 
in the direct ratio of the surface upon which it acte. 
follows that, wherever it is possible so to execute thom, 
wors should bo made of n circular section, For house 
Sowers there can be no difficulty on this score, because tho 
introduction of the tubular drains bas farnishod not only tho 
most cfiiciont, but tho most oconomical, means of execution. 
Tho only remark which appears to be required on this sub- 
ject appears to be that, at the present day, tho tendency is to 
execute thom too small; and that there is danger of their 
choking if used of Joss than 4 inches in dinmeoter. For 
secondary main drains the came system of tubes may bo 
applied to a certain extent; but whon tho length becomes 
considerable, there will be found so many probabilities of ob- 
struction, and so great danger from the accumulation of gas 
evolved from the water, that it is very questionable whother 
tubes should ever bo used without tho formation of side en- 
trances for their examination and repair at maximum distances 
of jth of a milo, or without frequent opportunities of tome 
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portions of circles tangential to tho axes of the main sewers, 
fond of the largest radius it is possible to obtain. Sido 
tranees should bo formed as closely as possible to the 
[Points of intersection of the respective sowors. 
| Tho collection and disposal of sewage must evidently, from 
What has been said before, be entirely guided by the demand 
for the materials so obtained; and, hitherto, they have all 
been wasted in England. This is the more to be regretted, 
use in France, Germany, Belgium, and Italy, the manure 
Peed to xan 0, waste in Bogland is found to be highly 
peficial, and in our own country all manures are expensive. 
Tear Edinburgh some attempts have boen made to apply 
fae sewage, by irrigating meadows with the water from 
@wers, yot tho results thore obtained aro far from such as 
likely to guido us in tho selection of any general course 
@ proceeding. Tho modo of application at Edinburgh is 
tated, in fact, to be very objectionable, on account of the 


rely happens that any extent of mendow land can be found 
large towns under tho necessary conditions of level to 
of a similar application by moro gravitation. Fairly, 
10 disposal of sowage is the great problem still to bo 
olved by all parties connected with this branch of engi- 
g; the very injudicious assertions of tho advocates of 
n theories have hitherto only indisposed the public 

pind to its examination. 
Tn tho case of Edinburgh, tho storm and house waters 
wwe conducted together upon the mondows irrigated by the 
e Tt was found, however, that there was too much 
manure in the contents of the latter, and it became necessary 
© form catch-ponds, in order to onablo it to deposit; and 


ro formed (1829), the habits of tho Seoteh people were 
not such as to cause tho bulk of the house manure to find 
ls way into the sewers. Tho grass from those meadows woe 
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whonover required ; or it is collected in Inrgo casks placed 
in collars and communicating with the soil pipes, Tho con- 
tonts of these different descriptions of cesspools are carried 
to large lay stalls at Montfaucon and Bondy, and allowod in 
the former to scttlo in vast basins or reservoirs, two in 
number, with a close dam between them, so that one may bo 
ased whilst the other is being emptied. The liquid upon the 
top of these reservoirs is drawn off by sluices, and passes 
stcocasively into not less than seven other basins, in which it 
is treated in various manners, for the purpose of causing the 
deposition of any matters in suspension. The aren of tho 
upper reservoir is about equal to 2} acres superficial, with a 
depth of about 12 feet; the area of the lower reservoirs is 
about equal to 18} acres. From the last of theso the watora 
are allowed to escape into the main sewer running through 
the lowlands at the foot of Montmartre, At Bondy, tho 
system of dealing with the manure is in principle similar to 
that employed at Montfaucon ; and in both, the solid matters 
deposited at the bottoms of the reservoirs are placed in the 
open air to dry into powder before being used. 

Buch also is the mode of dealing with sewage in uso 
nearly all over the Continent, and to a certain extent, fur too 
great, oven in our own country, Anything more economically 
absurd, or moro injurious to public health, it would be 
difficult to imagine ; and, excepting that some use is made of 
tho manure, the whole system may be cited only as a model 
to bo avoided. Cosspools are always objectionable, because 
they retain a permanent source of infection, wherever and how- 
over constructed. The operation of cleansing them is always 
@isgusting and injurious, whilst the foul exhalations from the 
depositing reservoirs contaminate the air to a great distance 
around. Add to this, that, in the operation of drying the de- 
posit, the volatile salts, in fact the most valuable, escape, and 
our surprise will be increased when we refleet that such mon- 
‘strous nnisances should be retained in any eiviliced community. 
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(ctions of sewers should be formed at acute angles, in 
that the combining currents may not bafile each other. A 
wis illustrated in Figs, 800. It is so constructed with a 
‘on gate that, for pur- 
of flushing, the sow- 
ay be tarned into any 
| Or special series of 
5. Placed immediately 
a manhole, the sewer 
rendered self-clean- 
The flushing gate is 
G inches deep, and it 













if, in the first jn- Viga 300 —Junctice of Sewers, 
|} providing, as part of the scheme, for the fullest and 


ventilation, though it is go- 
¥ most needed at the upper 
igher levels. 
Dandeo, the gases of sowers 
evented from escaping through 
illies by valves made of stone, 
01, hung with copper links on 
de of a sanall cesspool. The 
8 of the cesspool is 10 inches i. 20t-—Gully-trmp, Tundee. 
the valvo-oponing ; and all heavy matters, such 9s wu 


| 
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A simple and officient form of stroct gully-trap used at 
Preston is shown in Fig. 306. 


Fig. 38.—Gally-trep, Preston. 
Tae Mais Dnatwace or Loxpow. 


[The works for the main drainage of London, constructed 
to the plans of Sir Joseph W. Bazalgette, the engineer, were 
commenced in 1859, and were practically comploted and in 
Operation in 1865. The objects sought to be attained were, 
the interception of the sewage, as far as was practicable, by 

| gravitation, togother with xo much of tho ruinfull as could 
bo reasonably dealt with, so as to divert it from the river 
‘Thames near London; the substitution of a constant flow 
instead of an intermittent flow in the sewers; the abolition 
of stagnant and tide-locked sewerg, with their consequent 

| necnmulations of deposit; and the provision of deep and 
improved outfalls for the extension of sewerage into districts 
previously, for want of such outfalls, imperfectly drained. 

New lines of sewers were laid at right angles to the pre- 
viously existing sewers, which conducted the sewage direct 
to the river. The new sewers were laid a little below the 
levels of the old sewers, so as to intercept their contents and 
convey them to an outfall 14 miles bolow London Bridge, 
For such of the sowage as could not ba carted mney WS 
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Crossnoss Point in Erith Murshes, Here the fall volume of 
Bowage can flow into the Thames at low water, but it is 
ordinarily raised by pumping into the reservoir at that 
outfall, 

The form adopted for the intercepting sewers generally is 
eireular, as combining the greatest strength and capacity 
‘with the smallest amount of brickwork and the least cost. 
This form was, otherwise, practically as good as the elliptical, 
Boeing that, as these sewers only carry off 1-100th of an 
inch of rain in an hour, whilst the volume of sewage passing 
through them is at all times considerable, the flow through 
those sewers is more nearly uniform than in drainage sewers 
constrneted to carry off heavy rain-storms. In the minor 
branches, for district drainage, tho sower that is egg-shaped 
fn section, having the narrow part downwards, was prefer- 
blo, because the dry-wenthor flow of the sewage being 
small, the greatest hydranlic mean depth, and consequently 
the greatost velocity of flow and scouring power, is made 
available with that form of section at the bottom, at the 
period when it is most roquired; whilst the broader soction 
at the upper part affords room for the passngo of the storm- 
waters, and also for the workmon engaged in ropairing and 
cleansing. 

‘The High Level Sewer at the north sido, commences by a 
junction with the Fleet Sewer at the foot of Hampstead 
Hill. It passes thence across Highgate Road, Holloway 
Roni, to High Street, Stoke Newington, at Abney Park 
Cemetery; thence to Chureh Street, Hackney, under the 
North London Railway, throngh Victoria Park, andor the 
canal, to a junction with the Middle Level Sewer. Up to 
this point it is a drainage sewer—a substitute’ for the oper 
Fleet and Hackney Brook main sewers, which have been 
filled in and abandoned. It is capable of carrying off the 
largest and most sudden falls of rain. It is about 7 miles 
in length, and it drains an area of 10 uquare wiles, W 4, 

oc3 ; 
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two upper channels to Barking Creek. In times of heavy 
rain, when the water rises to the top of the upper channels, 
tho surplus flows over five weirs, constructed in the chamber, 
into the lower channels, and discharged by them into 
tho Lea. 

‘Tho Middle Level Sewer commences near Harrow Road, at 
Kensal Green, and passes into Uxbridge Road along Oxford 
Street, Hart Street, and Liquorpond Street, and across 
Glerkenwell Green; thenea by Old Street to Shoreditch, 
Bothnal Groen Road, under the Regent’s Canal and the 
North London Railway, to join the High Level Sewer at 
Bow. A branch, 4 feet by 2 feet 8 inches, is carried along 
Piccadilly, with a fall of 4 fect per mile; passes through 
Leicester Square and Lincoln's Inn Fields to the main line 
at King’s Road, Gray's Inn Road. ‘The main line is 
94 miles in length, and the Piccadilly branch is 2 miles; and 
there are minor branches and feeders. The area intercepted 
is 17} square miles in extent. The fall of the main sewer is 
from 17} feet per mile at the upper end, and, by a gradual 
reduction, 2 feet per mile at the lower end. The sectional 
dimensions vary from 4} feet by 8 feet, to 104 feet in dia- 
meter, and 94 feet by 12 feet at the outlet. Six miles in 
length were constructed by tunnelling, at from 20 feet to 
0 feet underground. The sewer is carried over the Motro- 
politan Railway by a wrought-iron plate aqueduct of 150 feot 
span. The sewer is provided with storm overflows into the 
river. 

‘The Low Level Sewer, besides intercepting the sewage from 
the low-level area of 11 square miles, serves also as an out 
Jet for a district of 14} square miles, the western suburb of 
London, which is so low that its sewage bas to be lifted at 
Chelsea a height of 17} feet, into the upper end of the Low 
Level Sewer. This sewer commences at the Grosvenor Canal, 
Pimlico, and passes to the riverside from Vauxhall Bridge, 
From Westminster Bridge to Blackfriars it forms part of 
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ewbankmont, The “lino,” as it may be called, is carried by 
a@queduets over rivers, railways, streets, and roads. The 
a#qnednets consist of two wrought-iron culverts of the anme 
Section as the brick sewers, upon which a roadway is formed, 
with parapet walls, the whole being supportel by three 
wrought-iron girders, From the Abbey Mills, three parallel 
Sewers of the same dimonsions as those just noticed are 
carried to the outfall at Barking Creek. Gates and overflow 
weirs aro formod in tho line of these culverts, enabling tho 
Sewage to be turned into either or all of them at will, and 
Preventing any ono from being at any time overcharged. For 
a distance of about 1} miles at the lower end of the sewer, 
the depth of poat in the marshos was so great that, instead 
of carrying up a solid embankment, the sewer was carried 
on piers and arches. Tho bank is 40 feet wide at the top, 
and is in some places 26 feet above the level of the marshes, 

The reservoir at Barking is 163 feet deep, in four com- 
partments, covering an area of 9} acres. 

At the south side of the river, the High Level Sewer and 
its Southern Branch correspond with the High Level and the 
Middle Level Sewers on the north side, The main line com- 
mences at Clapham, and the branch line at Dulwich, together 
draining an area of 20 square miles, Storm-waters are dis- 
charged into Deptford Crock, whilst the sewage and a limited 
quantity of rain flow, by four iron pipes, 8% feet in dinmetor, 
Inid under its bed, into the outfall sewer. Tho two lines 
come together in the New Cross Road, at the branch 10 foot 
above the main line, They come to # level at Deptford 
Brondway. 

The branch is 4} miles in longth, of which 1,000 feet were 
constructed in tunnel at depths of from 80 feet to 0 foot. It 
varies from 7 fect in diameter to a form 10} feot by 10} feot, 
with a circular crown and segmental sides and inverts, Its 
fall varies from 80 fect por mile at tho upper end to 2} feet 
per milo at the Jower end. 
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‘The bricks used in the works were mostly picked stocks and 
‘Gault clay bricks; and the inverts were occasionally faced 
with Staffordshire blue bricks. The brickwork was laid in 
‘Dlue-lias lime mortar, in the proportion of 2 of sand to 1 of 
Time for the upper part, and Portland-cement mortar in the 
Patio of 1 to 1, below. A very considerable length was laid 
entirely in cement. 

‘The total cost of the main drainage works is stated to 
have been £4,100,000. There are about 1,900 miles of 
sewers in London, and 82 miles of main intercepting sowerw. 
The total pumping power employed is 2,880 nominal horso- 
power. The sewage on the north side of the river amounted, 
in 1865, to 10 millions of cubic feet per day, and on the south 
side to 4 millions per day; but provision has beon made 
for 11} millions and 5} millions respectively, in addition to 
284 millions of cubic feet of rain-fall per day on tho north 


sido, and 17} millions on the south side; making a gross total 
of 68 millions of cubic feet por day, equivalent to a Inko 
fifteen times us largo as the Serpentine in Hyde Park, 


Drarmsce or Panta. 

When, in 1808, the subject of the main drainage of Paria 
first received a systematic investigation, the “great” or main 
drain was only a large natural ditch—the brook of Monil- 
montant converted into a ditch or open sewer. In 1740, this 
ditch was walled and arched over. It was assumed, in 1908, 
that the drains should empty themselves into the river 
Seine, following the ondulations of the streets, The river, 
within the limits of the city, was made the main reesiver of 
all the sewage, From both banks and from the central 
istands all outlets poured directly into it, and at the end of 
1887 there were probably forty independent months. By 
the more recent developments, all these discharging mouths 
were, with three exceptions, abandoned, and longitudinal 
intercepting drains of a largo section, running parallel to the 
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The “ Collectear de la Bidvre"’ is a prolongation of the 
Main sewer of the south side, of the same section as this 
er. It commences at tho ontfall of the siphon Pont de 
WAlma, and terminates by a junction with the main sewer of 
the north side at a distance of G01 yards from its outfall into 
(fhe river. It is noarly 8 miles in length, and the fall varies 
from 1 in 1,925 to 1 in 2,951. 


Fig, 10—Intercepting Sewer, Paris. 


Tn streets of a width greater than 65} feet, double lines of 
sewers. are constructed, one under each footpath, to limit the 
length of the branch drains, which are laid in at the expense 
ofthe proprietors. The principle of the design of the drains of 
Paris, it may be noted, differs materially from that of London 
and othor English towns. In Paris, the oval form is followed, 
Int the invort, or ‘radier," is nearly fiat, of a width varying 
from 16 inchos to 24 inchos, in order to afford footing for the 
workmen ongaged in cleansing the sewers. For the samo 
ronson thoy arc mado of considerable height. The smallest 

| section of drain that bas boon constracted was 54 feet high, 
nnd 2} foot wide at the springing of the roof. 

‘Tho deposit in the sewers is removed by mechanical moans. 
Tn the smaller sewers, whore small fiushing-boards and iron 
half-gates are occasionally used, the deposit is pushed forward 
into the larger sewers by wooden hand-scrapers. In many 
lof the smaller types, hand-tipping trucks convey the refuse 
into the larger sewers, In the largor sewors, slnico-gates, 
|bung by chains to the crown of tho sewer, are frequently 
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5 inches to 20 inches in dinmoter; their fall varies from 
in 15 tol in 150. Four or five miles of such sewers have 
en Jaid. For long main lines, where such rapid falls could 
jot be obtained, oval sowors of larger dimensions were built, 
(aficiontly large for mon to pass through, being 4} feet high 
nd 2+ fect wide. This class of sower was not made with 
inclination than 1 in 500 in the upland districts of the 

, where the quantity of water to be obtained for flashing 
dependent upon the waterworks. But in the marsh dis- 
iets, where the water fur flushing is obtained from the river 

l aa sewers of this description are laid as nearly level as 

inclination of 1 in 8,000. The marsh level would not 
How of a greater fall, and the unlimited flushing power 

ved from the river rendered the adoption of such low 
dients quite unobjectionable. Every house has ita drain- 
dpe discharging directly into the sewers, without any cess- 
ool. Where there is fall enough, a 6-inch cast-iron pipe 
carried direetly into the opening built in the sewer to 
eceive it; but where there is lees fall, the brick drains, of 
2 inches or 15 inches in diameter, receive the soil-pipes 
ithin the house and discharge the contenta into the main 
ewer, 

‘The larger classes of sewers follow each other in succes- 
sion as the number of smaller sewers are united and the 
quantity of water to be carried off increases. The largest 

ewer is 5 fect wide and 6 feet high. During heavy storms 

rain the quantity of water delivered into it from all ite 
itribatarios is so great that it has, on a few occasions, been 
{filled nearly to the soft, 

The whole of tho upland sewers were Inj out so as to 

etas catch-wator drains, and thus to separate the upland 

from the marsh sewers. This arrangement was neces- 
leary, because the water in the Elbe remains at times, from 
24 to 86 hours, above the cellars of the houses. The upper 
ends of all the sewers are connected either with the Yer 








CHAPTER XL 
RECLAMATION OF LAND, 


i frequently happens that large tracts of alluvial doposits 

found at tho mouths of rivers, which a¥o altornatoly 

od or left bare by the tides, and which, gonorally speak- 

Sing, continue to increase until they attain such a height as 

ply to bo affocted by the spring tides. These banks then 

come covered with a species of marine vegetation, and aro 

nt up into innumerable small creeks, which, at the low 
iter, serve as channels for the inshore streams. Many 

of this description have been reclaimed from the tidal 

, both in our own country and in Belgium and Holland, 

with such signal advantage, in many cases, as to cause rogrot 

that others should still remain unproductive. 
The works usually required to reclaim these foreshores 
consist—firstly, of an embankment forming an enclosure to 
Protect them from the sea, which mast be able not only to 
Fosist the hydrostatic efforts of the external waters, but also 
the more destructive action of the waves and the currents; 
Becondly, of the system of drainage of the enclosed lands, 
including ander this head occasionally the arrangements for 
Hutroducing waters charged with fertilising matters, an opera- 
tion performed in some districts, and known locally by the 
“mame of “ warping.” 

The enclosuro banks are mado, gonerally speaking, from 
= to 4 feet above the high-water line of the equinostial spring 
Lides, with » minimum width of from 8 feet 6 inches to 7 foot 
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disposable are such as to allow of their economical execution, 
to which consideration after all the decision as to works of 
this description must be referred, 

Vertical enclosure walls occupy the least space, and exposo 
the smallest surface to the action of the waves; and these 
fgain, instead of breaking upon the shore, are reflected 
towards the open sea, But walls of this description must 
encounter the maximum effort of the waves, wherever these 
do strike, and their recoil mast act very injuriously upon the 
footings, unless they be of a very resisting description. Tho 
concave walls recommended by Colonel Emy have not yet 
been tried in « sufficient number of cases to justify any definite 
conclusions as to their merits; but thoy aro in many casos 
objectionable on the score of the ground they roquire, and the 
great expenso, not only of the first cost, but of the repairs. 

The reasons which should influence the choice of the form 
to be given to the soa slopo of an embankment may be 
resumed as follows. 1. It will be influenced by the main 
direction of the winds, waves, tides, and currents, which 
should be made to strike the bank as nenrly as possible in a 
direction normal to the surface of the facing. 2. By the 
materials to be procured in the neighbourhood. 8. By the 
surface of land which can be devoted to the formation of a 
bank. 4, And principally by the commercial considerations 
affecting the original execution, the maintenance, and the 
yalne of the whole operation. 

The inner slope of the banks will depend upon the materials 
of which it is composed ; and at its foot a eatch-water drain 
must be formed to collect the waters falling upon the enclosed 
Tnnd, and to conduct them to the outfall. The Dutch engi- 
neers usually make the slope about 5 to 1,.and they form 
romdway about 20 feet wide between its foot and the edge of 
tho catch-water drain. When the bank is formed of mud or 

| silt, it is necessary to carry up in its centro a core of sand or 
| other bard substanco, to prevont rats or moles from boring 
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Another description of gate frequently used in these works 
is the gate working upon a vertical axis and shutting against 
f robate, in which the areas of the two portions of the gato 
fro made unequal. When the waters on the ontside aro 
higher than those on the inside, the gates are pressed ngainst 

he rebate; when the opposite conditions occur, the gates 
open and afford a passage to the land waters. Sometimes in 
large gates of this description where two leaves aro employed, 
they are mado to moot at an obtuse anglo, liko the leaves of 
lock gate. 

‘The system of warping is much adopted on the banks of 
{the Humber in our own country, in Tusenny, in the valleys 
of tho Chiana and of the Rhone; and, indeed, the cultivation 
lof tho valloy of the Nife is but an illustration of it upon a 
very extensive sealo. It is founded upon the principle that 
fall rivers carry, in their downward course, tho carthy matters 
they derive from tho lands surrounding their wator-shod, 
‘The waters so charged aro allowed to flow over the land to 
be warped, and they are rotained upon it until the earthy 
matters are deposited, when they are allowed to run off by 
means of surface weirs. 

It is uswal to surround land proposed to be thus treated by 

n ombankmont, in which are placed the inlet sluices, at tho 
JOwest lovol, The water enters through these aluices at the 
point of one tide, and is retained during the interval 
between two successive tides; to be then run off entirely, 
yen from the ditches, before the influx of the next. Upon 
fhe banks of the Humber it is considered that the most beno- 
feial efforts are produced by tho execution of this operation 
potween the months of June and September ; tho ombank- 
ents are mado from 8 fect to 7 foct high, and it is usually 
saloulated that a sluice, with a clear water-way about 6 foot 

igh and 8 feet wide, will suffice to warp 0 puriace oi from 

DD 











CHAPTER XII. 


TRRIGATION OF LAND. 


(mow is a branch of Hydraulic Engineering, which has 
peeived the attention from the public in our country 
its advantages and results would appear to warrant, 
neo, Spain, Italy, Egypt, and India, howover, it bas 
os ongaged tho attention of agriculturists and govern- 
, and immonso national works havo boon executed to 
(its successful application, In Swedon and Northern 
any irrigation works have been carried out toa great 
\; but, inasmach as it appears that the more temperate 
re tho most adapted to insure satisfactory economical 
}, and that practically it is advisable to confine irrign- 
) countries situated between the 25th and 27th parallels 
ltude, in the northern homisphero at loast, it is only 
lionally that works of this’ dosoription have been 
ed beyond thoso limits. 

waters are not equally fitted for the purpose of irri- 
, and a certain degree of care is required in their 
on, whatever be the deseription of cultivation to which 
tbe proposed to apply them. Those which flow from 
1, peat-mosses, or contain Iargo quantities of tho oxide 
'n, are, if not positively injurious, at loast but littl 
i to this use, Those wators are tho best which have 
the longest exposed to atmospheric influancos, or which 
inve traversed fertilo lands able to communicate soma 
ir properties. It is on this necount oat dreams 

pod 





IRRIGATION OF LAND. 605 


mbove, aro to be understood as referring to tho natare of the 
vegetation only; the former, the natural meadows, being 
those in which plants of the natural order of the Gramineae 
aro principally grown, such as the Phlewm pratenee, Loliwn 
perenne, Festuen sylvaticn, Poa pratensis, &e.; whilst tho 
latter, the artificial meadows, produce plants of the ordor 
Leguminosae, which require to be sown overy year, such a8 
the Medicago satica, Trifolium pratense, Vicia antiva, &c. Of 
these descriptions of meadows, again, the best results are 
obtained from those called natural; and, as they are almost 
the only ones adopted in our country, the following remarks 
will be confined to them. 

The period of the yonr in which the water should bo 
ponred over the Iand will vary with tho latitude and the 
purposes to which it is to be applied, In England it is usod 
sometimes for tho express purpose of protecting the vegeta- 
tion from tho effects of frost, and is therefore applied in 
winter; but if it be desired to retain the matters in suspen- 
sion in the waters, they should be used in the Inter part of 
the autumn and in the early spring, because it is at those 
epochs of the year that rivers are the most charged, under 
normal circumstances. The usual practice in the south-weat 
of England is to irrigate through the months of October, 
November, Docembor, and January, from fifteen to twenty 
days at a time, without intermission. At the expiration of 
onch of those periods the ground is left to dry during five or 
six days, If a slight frost should occur, the water is again 
immediately turned on, but the ground is left dry if there bo any 
probability of a long-continned and severe frost. In February 
the length of the periods of irrigation is diminished to about 
eight days, and caro is taken to shut off the water early in 
the morning, so as to allow the ground to dry during the 
Goytime, and thus obviate any danger from the light frosts 
at night. In March the same precautions are observed, and 
the periods of irrigation gradually diminidhed, im wade yro- 
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a configuration as to allow tho waters to flow over it with a 
regular current, and to insure a perfoct discharge of tho water 
after it chall have passed over the land. 

‘The water may be poured over the land either by means of 
& dam across the whole width of the channel, or by a lateral 
oviation, according to the water privilege of the landowner. 
Tho formor course is preferable wherever it can be adopted, 
bocause it enables the water to be penned back, and thus 
poured over a greater surfaco and upon higher points; bat it 
is necessary to pay particular attention to the effects of such 
4 dam upon the flow of the stream, in order to avoid flooding 
the lands of neighbours. It must be borne in mind that the 
top water line of any intercepted stream is never horizontal, 
but that it assumes a hyperbolic curve, which may be con- 
sidered to join the natural declivity at a distance varying with 
the inclination of the bed. 

In Spain the waters for irrigation are, in many cases, 
obtained from artificial reservoirs, formed by throwing dama 
across tho narrow gorges of deep valleys; and the various 
reservoirs constructed in many districts of England might be 
made to perform the same office. The construction of the 
transverse dams in such works is a matter of vital import 
fnce in every sense of the word, as was lately exemplified in 
tho case of the Holmfirth catastrophe; and it is impossible 
to dwell too much on the necessity for the careful eonstraction 
of the foundations, so as to prevent any infiltrations. When 
these dams are formed of earthwork, the crowns should bo 
mado of « width equal to half the height, and tho base bo at 
loast throe times the height. It is safer to make the prinsipal 
slope on tho insido, towards the water, and to form it in 
steps; and it would also be preferable to make the dam 
convex inwards. Tho top should be at least 2 feet above 
tho highest water line; two sluices should be placed near the 
bottom, one to draw off the water, the other to allow tho 
reservoir to be cleansed ; and overflows should be formed \o 
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bat it isfar more equally successful than the latter ; because, 
evidently, the land receiving the water at tho point where it 
first loaves the stream, must retain a larger portion of the 
fertilising materials it may afford than those parts receiving 
the wator, as it wore, at second-hand, Catch-work irriga- 
tion, in fact, should nover bo resorted to but in those posi- 
tions where tho declivity is too great to admit of the tronghs 
or distributing gutters being mado to point down the doscent. 

‘The beds and ridges are so disposed that a ridge may bo 
formed in the centro, with a slight longitudinal fall, and the 
ground on either side slope away to a drain intended to 
receive the waste waters. Tho channels or floating troughs 
are placed upon the ridge, and communicate with the main 
feeders or conductors, Their inclination is usually mado 
about 1 in 500, and practically their length appears to be 
confined to abont 70 yards. When the surface to be irri- 
gated exceeds that width, it is usual to form fresh conductors, 
#0 that the water should not flow ovor the land for a greater 
distance than 70 yards without being again carried into the 
natural bod. The usual dimensions of theso channels are 
abont 20 inches in width at the junction, and 12 inches at 
the end. The inclined planes on cither side of tho trough 
have inclinations varying with the nature of the soil and the 
supply of water. In light and absorbent soils they require 
to be slight in order that the water may remain long.on them 
and not to scour the ground; in compact heavy lands, on 
the contrary, they should be greater. The limits of yaria- 
tion aro between 1 in 1,000 and 1 in 100, according to the 
nature of the ground. The width of the planes, also, is 
dependent upon the same considerations. The more com- 
pact the nature of the soil, the wider must be the planes, 
because the water can flow over a greater surface without 
being absorbod; whilst in open porous soils the width must 
be diminished. Upon the formor a width of about 180 feet 
aay occasionally be adopted ; upon the latter 40 feek ia Noe 

pos 
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that doscription, have led to the announcement of the enrious 
law of bydrodynamies, not before observed, to which atton- 
tion has been already called, and upon which is based the 
principle of the gauges used in Piedmont and Lombardy, 
A description of theso gauges is subjoined, as they may 
frequently be required in onr colonies, or in India, 

‘The unity adopted in the measurement of water in Italy is 
called Uoncia d'acqua, and it is the quantity which could flow 
through a rectangular orifice, discharging freely at the lower 
end; but not entirely into the air, under a constant pressure 
of four inches above the orifice. Whon it is desired to dis- 
tribute moro than a single ounce, the width only is modified, 
whilst all the other conditions are retained. The orifices of 








Figs, 312,—Meamurement of Water, italy. 


discharge are formed of tho hardost description of stones to 
be found in the country, or occasionally of cast or wrought 
iron, and aro cut square without any bevel, or the addition of 
anything like a funnel capable of facilitating the discharge. 
There are no prescriptions as to tho thicknoss, which under 
these cireumstances is regulated by tho width of the opening; 
and this latter dimonsion is usually made of the width noces- 
tary to pass six ounces; when more than eix ounces ara 
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India, great works have thus been undertaken for this pur- 
pose; and, indeed, the engincers of our East India Company 
have lately bad little else to do with the irrigation canals of 
their predecessors than to repair and slightly rodross them, 
in order to restore their efficiency. There is one difference, 
however, between tho irrigation provided in Syria and that 
of our Indian possessions, viz., that the former is almost 
éxclusively devoted to garden cultivation, whilst tho latter is 
oceasionally applied to the growth of rice, and the enormous 
quantitios of water which the East Indian engineers are able 
to disposo of have enabled them to combine other commercial 
applications of water with the one they principally had in 
view. But whilst dwelling upon this part of the subject, it 
may be as well to observe, that at all times, and in all 
climates, the tendency of irrigation is to develop in the 
plants receiving it a growth of the leaves at the expense of 
the fruit or grain. This is espocially the case in watm 
climates, where all the operations of nature take place on an 
extended scalo; but the effect of the law is to exelude ceroal 
crops from tho system of agriculture in irrigated districts, 
noless the corenls themselves should bo of a peculiar nature, 
such as the rice, and perhaps also the Indian corn. Mord- 
over, although in India tho great feeders for irrigation, canals, 
are at times made to facilitate a species of canal navigation, 
and to drive mills, the economical results of such mixed 
systems have hitherto beon more than questionable. 

In the warmer latitudes, as bas been before observed, 
water is largely used for the purpose of creating artificial 
rice-grounds, and the conditions of the growth of that plant, 
as wellas those of the application of water to it, are sufll- 
ciently distinct from the conditions which prevail in ordinary 
irrigation to justify a passing reference to them, Now, the 
rico ig essentially an aquatic plant, and it only grows in 
latitudes situated below the parallel of 46° north. During 
dts growth it requires to be constantly immersed in water, 
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rthe lesson they might have learnt from their pre- 
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